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GLOSSARY OF TERMS 
AAL ATM Adaptation Layer. The AAL layer provides the 
adaptation of service information to the ATM cell 
stream. It appends an AAL header to the upper-layer 
data. This header provides sequencing and class-of-
service information which provides proper reassembly 
into upper layer packets, and proper end-station 
connection requirements. The segmentation and 
reassembly sublayer segments the AAL packet into 
cells. 
ATM 
ADSL 
ANSI 
BISDN 
B-VPN 
CCIR 
Asynchronous Transfer Mode. A form of switching 
data in 53-byte cells, consisting of a 5-byte header and 
a 48-byte payload. It allows transmission speeds of up 
to 622 Mbytes/sec. 
Asymmetrical Digital Subscriber Line. A technology 
designed to send video and other information services 
down existing copper wire phone networks. 
American National Standards Institute. The US 
representative of the ISO, it is a private, non-
govemmental, non-profit organisation. It develops 
standards for various areas, and these standards are 
frequentiy adopted by the ISO. 
Broadband Integrated Services Digital Network. A 
service or system requiring channels capable of 
supporting rates greater than the primary rate. 
Broadband Virtual Private Network. B-VPN gives a 
business user with a company structure over a country 
or internationally, high speed data communication 
features for LAN interconnection similar to a private 
network by using public network capabilities. 
International Radio Consultative Committee, now 
referred to as the ITU Radiocommunications Sector 
(ITU-R). Some of the responsibilities of the CCIR 
have been transferred to the ITU-T. See next item. 
CCITT 
CDV 
International Telegraph and Telephone Consultative 
Committee, now referred to as the ITU 
Telecommunications Sector (ITU-T). 
Compressed Digital Video. A form of transmission 
where the data transmitted are digitally compressed to 
allow maximum throughput over the shortest time. 
CLP Cell Loss Priority. With ATM, cells have a field which 
identifies their priority. This is generated at the 
customer premises equipment (CPE). Cells in which 
the Cell Loss Priority (CLP) bit is set have a lower 
priority than cells in which this field is reset. The low 
priority cells are prime candidates for deletion at any 
point in the network in the event of network 
congestion. This is the only method by which ATM 
supports network congestion management. 
CPE Customer Premises Equipment. The equipment located 
at the customer's site. 
DQDB Distributed Queue Dual Bus. Cell relay standard for 
broadband networks. It is also known as the IEEE 802.6. 
E B N Telecom Australia is currently moving to implement an 
Experimental Broadband Network (EBN) with the aim 
of stimulating the market for broadband services and 
gaining operational experience with ATM technology. 
ETSI European Telecommunications Standards Institute. 
The equivalent of ANSI. 
FDDI Fibre Distributed Data Interface. It is a token-passing 
ring network that uses optical fibre technology to reach 
transmission speeds of 100 Mbps. 
FTTC Fibre To The Curb. This method involves installing 
optical fibres to a fibre serving area and then using 
coaxial cable to connect to the home or business. 
FTTH Fibre To The Home. This method involves installing 
optical fibres all the way to the home or business. 
GFC Generic Flow Control. The Generic Flow Control 
(GFC) field exists only at the User Network Interface 
and is concerned with flow control at the customer 
premises end of the access link. 
GSM Global Standard for Mobile. A standard for digital 
mobile communications originally developed in 
Europe, but now adopted in Australia, Hong Kong, 
and New Zealand. Allows use of same mobile phone 
in participating countries and calls will be billed to own 
account. 
HEC Header Error Check. Because the header plays such an 
important role in the management and routing of the 
cell, it needs to be protected. Thus, a Header Error 
Check (HEC) bit is placed at the end of the header. 
This mechanism can identify bit errors in the header 
and can correct a one bit header error. 
H. 2 61 The intemational standard for videoconferencing. 
ISDN 
IEEE 
ISO 
ITU 
ITU-D 
ITU-R 
ITU-T 
JPEG 
LAN 
LAPD 
MAN 
MITI 
MoU 
MPEG 
Integrated Services Digital Network. A digital (as 
compared to analogue) network integrating voice and 
non-voice services on the same line. 
Institute of Electrical and Electronics Engineers. An 
organisation which develops standards in the area of 
electrical engineering and computing. 
Intemational Standards Organisation. A voluntary, 
non-treaty organisation founded in 1946. Its members 
are the national standards organisations of the 89 
member countries. 
Intemational Telecommunications Union. This 
organisation is under the United Nations umbrella, and 
is responsible for the ITU-D, the ITU-R, and the 
ITU-T. It was formed in 1865, and its focus is on all 
aspects of public telecommunications network, end-to-
end, as well as broadcasting and radio spectrum 
issues. 
ITU Development Sector. Formerly the World Plan & 
Gas (See World Plan & Gas) 
ITU Radiocommunications Sector. Formerly the CCIR 
(See CCIR) 
ITU Telecommunications Sector. Formerly the CCITT 
(See CCITT) 
Joint Photographies Expert Group. Deals with the 
standardisation of continuous-tone images. 
Local Area Network. A local network that makes use 
of a shared transmission medium and packet 
broadcasting. A packet transmitted by one station is 
received by all other stations. 
Link Access Procedure D. Protocol concemed with 
delimiting frames, assigning sequence numbers to each 
one, and computing and verifying checksums. 
Metropolitan Area Network. A network that covers an 
entire city, but uses LAN technology. See also SMDS. 
[Japanese] Ministry for Intemational Trade and 
Industry. 
Memorandum of Understanding. A preliminary 
document signed between two or more parties 
outlining general ground rules for partnership. 
Motion Pictures Expert Group. Deals with the 
standardisation of video compression and its 
associated audio for storage on digital media. 
NNI 
NTT 
OPCO 
OSI 
PAD 
PDH 
POTS 
PT 
RACE 
QPSX 
SDH 
SMDS 
STM-1 
Network Node Interface. ATM interface standard at the network (switch) side. Consists of VPI, VCI, CLP, and HEC. 
Nippon Telegraph and Telephone. Japan's national telecommunications carrier. 
Optus Prime Contractor Organisation. This organisation is the primary contract organisation to Optus Communications and is headed by Digital Equipment Corporation. 
Open Systems Interconnect. The Open Systems Interconnect (OSI) model is based upon a proposal developed by the Intemational Standards Organisation (ISO) as a first step toward intemational standardisation of various network protocols. There are seven layers in this model: (1) TTie Physical Layer; (2) The Data Link Layer; (3) The Network Layer; (4) The Transport Layer; (5) The Session Layer; (6) The Presentation Layer; and (7) The Application Layer. 
Packet Assembler/Dissembler. A protocol to allow the translation of data between X.25 and non-X.25 terminals. 
Plesiochronous Digital Hierarchy. Transmission 
technology based upon a bit-rate of 34 Mbps. 
Plain Old Telephone Service. Telephone system comprising analogue 64 Kbps rates over copper wire. 
Payload Type. The Payload Type field is 2 bits wide, and is used to determine what lond of payload (the load that is actually being carried by the cell) is being transmitted. 
Research and Development in Advanced Communications Technologies in Europe. 
Queued Packet and Synchronisation Exchange. Cell relay standard for broadband networks. This standard is used for Metropolitan Area Networks (MANs). 
Synchronous Digital Hierarchy is based upon a bit-rate of 155 Mbps. The idea of SDH is the possibility to cross-connect low-order signals within a higher-order signal without separately multiplexing the whole signal. 
Switched Multi Megabit Data Service. Also known in 
the USA as Metropolitan Area Network (MAN). 
Synchronous Transport Module 1. This is the SDH 
base rate of 155 Mbps. 
STM-2 
STM-4 
STM-14 
T1 
UNI 
VC 
VCI 
VP 
VPI 
WAN 
World Plan & Gas 
X .25 
Synchronous Transport Module 2. Can support a bit-rate of up to 311.04 Mbps-
Synchronous Transport Module 4. Can support a bit-rate of up to 622.08 Mbps. 
Synchronous Transport Module 16. Can support a bit-rate of up to 2.488 Gbps. 
A standard for transmitting video at 1.544 Mbps. 
User Network Interface. ATM interface standard at the Users CPE. Contains GFC, VPI, VCI, CLP and HEC. 
Virtual Channel. Cells belonging to a particular service constitute a virtual channel. 
Virtual Channel Identifier. The Virtual Channel Identifier is 16 bits wide and identifies the particular virtual channel link within a virtual path. 
Virtual Path. Consists of groups of virtual channels. 
Virtual Path Identifier. The Virtual Path Identifier field is 8 bits wide at the User Network Interface, and 12 bits at the Network Node Interface. That is, there are two interfaces for ATM - one at the customer's premises (CPE - Customer Premises Equipment), and one at the network switching node. 
Wide Area Network. A network connecting multiple sites, typically spanning many countries. 
Range of groups working on Telecommunications and Radiocommunications issues of relevance to the developing countries with the purpose of promoting and harmonising communications infrastructure development. (GAS is a Special Autonomous Group). From 1993, it was changed to the ITU Development Sector (ITU-D). 
The set of internationally agreed network access protocols, defined for the interfacing of Data Terminal Equipment (DTE) to a Packet Switched Data network (PSDN). 
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BROADBAND DELIVERY 
An investigation of the underlying technologies and the merging 
interests of Australian telecommunications carriers and service 
providers in promoting broadband services 
Abstract 
This research clarified the position of Broadband ISDN (BISDN) as a service, 
Asynchronous Transfer Mode (ATM) as a technology essential for its 
implementation, and Optical Fibre as the preferred medium for its transmission, 
based upon presently preferred technologies. A study was undertaken of the 
literature and other secondary sources to document the state-of-the-art in each of 
the three areas. An analysis of the technical findings led to the conclusion that the 
interplay of these three elements constitutes a key factor in bringing broadband 
services to fruition. Further, the options available in developing the complex 
infrastructure (e.g., optical fibre versus compression on copper) were 
examined, and the pivotal role of ATM as the catalyst for broadband delivery 
was confirmed. 
An indication of the nature of, and potential demand for, broadband services was 
drawn from a number of earlier empirical studies that sought to justify 
expenditure on broadband infrastructure. 
Based on the above knowledge, questions were developed for administration 
during semi-structured interviews with key representatives of Australia's two 
telecommunications carriers and a number of their major service providers. The 
questions were designed to test their perceptions of (a) the technical and market 
feasibility of introducing broadband services, and (b) the level of convergence of 
carrier/provider interests in this area. Carrier organisations were stratified by 
engineering divisions (technical feasibility) and business development/marketing 
divisions (market feasibility), and service providers were chosen on a 
representative basis. Information about the current status of Telecom Australia's 
Optical Fibre Trial at Wollongong was obtained by direct interviews. 
The results of the primary research showed a strong consensus among carriers 
and service providers on what constituted viable technical and marketing 
approaches to broadband deUvery and on the financial and other conditions 
necessary for its phased uptake. Further, there were indications from all those 
interviewed that pressure from the service providers was having a strong 
influence on broadband planning by the telecommunications carriers. 
INTRODUCTION 
This is a report on an investigation of the underlying technologies of broadband 
delivery and the merging interests of telecommunications carriers and service 
providers in promoting broadband services in Australia. 
"Broadband delivery" refers to the carriage of digital signals over an integrated 
services network with a vastly increased bandwidth. It is referred to as the 
Broadband Integrated Services Digital Network (BISDN), to distinguish it from 
the present Narrowband Integrated Services Digital Network (NISDN). BISDN 
enables the carriage of a wide range of video services simultaneously with voice, 
text and data, and is at the heart of the ongoing technological convergence of the 
computing, telecommunications, broadcast and cable television industries. 
Sample applications include video-on-demand. High Definition Television 
(HDTV), and such interactive services as home shopping and banking, electronic 
newspaper delivery, online information storage and retrieval, etc. 
The introduction of BISDN is intended to encompass the services currently 
offered by NISDN and by the analogue pubhc-switched telephone network 
(PSTN). Even though ISDN is a digital network, it does not preclude the fact 
that some analogue applications may still be used. But BISDN is not merely an 
extension of NISDN: they are two quite distinct concepts and should not be 
confused. Both rely on digital transmission of information, but that is where the 
similarity ends. Narrowband ISDN operates at speeds of up to 2 Mbps; 
Broadband ISDN may operate at speeds of up to 622 Mbps. NISDN operates on 
64 Kbps channels; there are no such channels for BISDN. In short, the two 
technologies are quite separate and should not be used synonymously. 
The assumptions in this research are that, based upon presently preferred 
technologies, broadband services will be delivered by the BISDN; that the 
essential technology that will drive BISDN is Asynchronous Transfer Mode 
(ATM); and that optical fibre wiU be the preferred medium of transmission for 
broadband services. There are alternative technologies available. For instance, 
according to the Broadband Services Expert Group Discussion Paper (February, 
1994): "Technologies, other than optical fibre, which may be able to be used, 
either as an interim, or long term delivery method, are: twisted-pair copper cable 
through ADSL (Asymmetrical Digital Subscriber Line) technology; coaxial cable; 
optical fibre-coaxial cable hybrid systems; "wireless" technologies such as 
satellite, microwave, or terrestrial broadcasting and cable-microwave hybrid 
systems". While these options are recognised, this research treats them as 
stepping-stones towards a full migration to optical fibre. 
This report is written for a non-engineering readership and every effort has been 
made to describe technical matters at a "high level" only. The report is organised 
into four sections. In Section A (Background to the Study), Chapter 1 sets out 
the main objectives of the research: to document the state-of-the-art of the 
underlying technologies and trials; and to gather information on the merging 
interests of telecommunications carriers and service providers in the delivery of 
broadband. The research methods used to achieve these objectives are described. 
Chapter 2 sets the scene for the examination of the technologies, by outlining 
potential broadband services and the likely demand for them, as evidenced in a 
number of earlier empirical studies. 
In Section B (Broadband: The Underlying Technologies), Chapter 3 focuses 
on the technical aspects of the Broadband Integrated Services Digital Network 
(BISDN) and includes discussion of the role of circuit-switching and packet-
switching technologies, connection-oriented versus connectionless-oriented 
services, the concept of virtual channels and paths, video compression 
techniques and standards, frame relay versus cell relay transmission techniques, 
Synchronous Digital Hierarchy (SDH), and Virtual Private Networks (VPNs). 
These elements combine to provide the technical background to BISDN. 
Chapter 4 examines the "enabler" of broadband - Asynchronous Transfer Mode 
(ATM). The structure of ATM is explained, as well as the difference between 
ATM and shared media networks. There is a discussion of the advantages and 
disadvantages of ATM, and the motivation for deploying ATM as well as the 
process of conversion to ATM are addressed. There is also a brief discussion of 
ATM trials in progress. 
Chapters provides an overview of optical fibre technology. Topics dealt with 
include transmission characteristics of optical fibres, optical amplification. Fibre 
Distributed Data Interface (FDDI), and associated applications of optical fibre 
technology. The concepts and merits of fibre-to-the-home (FTTH) and fibre-to-
the-curb (FTTC) are discussed, with a brief look at prospects for the future. 
Chapter 6 deals specifically with the optical fibre trial being conducted at 
WoUongong by Telecom Australia, using published sources of information. 
Further information on the current status of this trial was determined by 
interview as part of the primary research (see Section D below). Section B ends 
with a brief summary. 
In Section C (Broadband: The Roles of Carriers and Service Providers), 
Chapter 7 outlines various forms of organisational collaboration - e.g., strategic 
alliances, partnerships and mergers - that appear to be on the increase as the 
interests of carriers and service providers converge around broadband delivery. 
One aim of this research is to gauge the extent to which the interests of 
telecommunications carriers in promoting broadband are merging with those of 
their major service providers. Chapter 7 describes how the carriers and providers 
work together to provide broadband services. 
Chapter 8 describes the organisational structure of Australia's two 
telecommunications carriers, Optus Communications and Telstra Corporation 
(referred to throughout this report by its domestic name, Telecom Australia). The 
concept of service providers is explained and the particular service providers 
chosen for this study are listed. Section C closes with a brief summary. 
Section D (Research Findings) details the results of the semi-structured 
interviews, referencing the results of the research in Sections B and C. The 
report ends with a Discussion of Results and Conclusions based on the 
overall findings. 
RESEARCH OVERVIEW 
SECTION A: RESEARCH PLAN and CONTEXT 
CHAPTER 1 
THE RESEARCH PROGRAMME 
1.1 Aims and Objectives 
The two-fold aim of this research was (i) to investigate the technologies that 
enable delivery of broadband services, and (ii) to gauge the extent to which the 
interests of telecommunications carriers in promoting broadband are merging 
with those of their major service providers. To achieve the above aim, five 
specific objectives were identified: 
• To briefly examine the findings of earher empirical studies on the nature of 
broadband services and the potential demand for them, in order to provide a 
context for the remainder of the research 
• To clarify the position of Broadband ISDN (BISDN) as a service, 
Asynchronous Transfer Mode (ATM) as a technology essential for its 
implementation, and Optical Fibre as the superior medium for its 
transmission, and to document the state-of-the-art in each of these three areas 
• To assess the level of interdependence of BISDN, ATM and Optical Fibre in 
bringing broadband services to market, and to investigate the up-to-date 
position with regard to Telecom Australia's Optical Fibre Trial at Wollongong 
• To describe the organisational arrangements for the introduction of broadband 
in Australia, specifically the organisation of the two carriers, Optus 
Communications and Telstra (referred to throughout this report by its 
domestic name, Telecom Australia), and a representative sample of their 
major service providers 
• To gather and analyse primary data on the views of the carriers and service 
providers with regard to (i) technical and marketing aspects of introducing 
broadband, and (ii) the extent to which carrier and provider interests are 
merging with regard to the introduction of broadband services. 
1.2 Research Methods 
The research was designed in two main parts, and separate methods were 
required for the research in each part. 
Part One : The first objective of Part One was to investigate and document the 
state-of-the-art of Broadband ISDN, ATM and Optical Fibre. This involved an 
extensive survey of the pubhshed literature, attendance at relevant conferences 
and product demonstrations, and information-gathering from industry experts. 
Documentation of the results (in Section B) was largely a descriptive exercise, 
though analysis was involved in categorising BISDN as a service, ATM as a 
technology, and Optical Fibre as a medium, and also in judging the relationships 
and interdependence among the three areas. The knowledge gained through this 
investigation was used to construct the questions for interviews with carriers and 
service providers in Part Two (see below). 
A second objective of Part One was to describe the organisation of Australia's 
two telecommunications carriers and their major service providers, who 
constituted the population from whom primary data were collected in Part Two. 
Australia has only two carriers: Optus Communications and Telecom Australia. 
Their major service providers were identified by direct inquiry to the two carriers 
and four providers were chosen for interview, based on the spread of interests 
they represented: EDS (Australia), IBM, NEC, and Alcatel Australia. 
Information on the organisational arrangements of carriers and providers was 
gleaned mainly from their published annual reports. 
A final objective of Part One was to present the objectives and schedule for 
Telecom Australia's ongoing Optical Fibre Trial at Wollongong as set out in 
media releases, brochures, etc. This provided a basis for the construction of 
interview questions for the Wollongong Trial management in Part Two. 
While the results of Part One are predominantly descriptive, they provide a 
contribution to research in this area by pulhng together the important strands of a 
very volatile technology in a way that is comprehensible to a non-engineering 
readership. They also provide the basis for the interview questions in Part Two. 
Part Two: The overall objective of Part Two was to test the views of carrier and 
service provider representatives with regard to (i) the technical and market feasibility 
of broadband service delivery in Australia, and (ii) the extent to which they 
considered that the interests of carriers and service providers were being merged 
with regard to broadband. 
Semi-structured interviews were selected as the best method of eliciting the opinions 
of the carriers and providers, and of acquiring a deeper insight into the Wollongong 
Optical Fibre Trial. It was recognised that when using qualitative methods on a small 
sample size, the breadth of results is sacrificed for richness of understanding. But 
this type of interview was chosen as the best tool to fit the exploratory questions that 
had to be asked. 
Carrier organisations were stratified by engineering, business development, and 
marketing divisions. Representatives of the engineering divisions were questioned 
mainly on the technical feasibility of broadband, while questions for the business 
development/marketing divisions focused primarily on its market feasibility and its 
place in their organisation's strategic planning. Service providers were questioned 
on both technical and marketing aspects, and also on their role and influence on the 
carriers in pushing for the introduction of broadband. Some questions (e.g., Qn. 1 
on customer needs not currently being met) were common to all respondents. 
Questions for the Wollongong Optic Fibre Trial management were aimed mainly at 
getting an update on the progress of the trial and on learning how the planners would 
approach a further trial that had fewer or different cost and/or time constraints. 
Copies of all questions are included in Appendix IV, categorised by engineering, 
business development, and marketing divisions. Those interviewed in each division 
held positions that directly corresponded with the positions of those interviewed in 
the same division of the other carrier. Face-to-face interviews were conducted by the 
researcher on the respondent's premises, with each interview lasting approximately 
one hour. Interviews were not taped, but careful notes were taken. Respondents 
were most co-operative in granting and conducting the interviews, but asked that the 
results be reported in such a way that individual responses would not be identifiable. 
Given the competition between the carriers, and the sensitive position of the service 
providers in relation to both carriers, this request was readily granted. Arrangements 
for the Wollongong Optical Fibre Trial management interview were roughly the 
same as those for the carriers and providers. 
CHAPTER 2 
THE RESEARCH CONTEXT: POTENTIAL BROADBAND 
SERVICES 
2.1 Sample Broadband Services 
Table 1 highlights applications associated with services possible on digital 
broadband telecommunications networks. The applications listed are 
technological breakthroughs which are driven by the needs of telecommunications 
companies to search for solutions, rather than the needs of consumers. 
The major applications expected to succeed, at least for the domestic user, will be 
in the entertainment arena. Such services include an increased diversity of 
television for entertainment and leisure - 200 channels of Pay TV certainly go a 
long way towards supporting this claim. 
Table 1 also illustrates the diversity of applications available to the user. These range 
from conversational services, which include document (still image) transfer and 
retrieval facilities, to moving picture (video and sound), which incorporate 
appUcations such as tele-education (especially suitable for remote areas) and tele-
shopping (the ability to shop from home). The ability to videoconference from 
home or office is included within the conversational services available. 
The transfer of data is also considered a 'conversational service'. This is due to 
the ability to converse with colleagues, regardless of distance, by transmitting 
high-speed digital information. This has a wide variety of applications but will be 
aimed mainly at the business customer. For instance, the abiUty to transmit high-
quality documents at high-speed rates wiU suit the medical industry, for instance, 
which is in need of a system that can handle the transmission of medical images 
around the globe. 
TABLE 1 POSSIBLE BROADBAND SERVICES 
Service 
Classes 
Types of 
Information 
Examples of 
Broadband 
Services 
AppHcations 
Conversational 
Services 
Moving Pictures 
(video and sound) 
Broadband 
Video-Telephony 
Communication for the transfer of voice 
(sound), 
moving pictures and video-scanned still 
images, and 
documents between two locations (person-
to-person) 
• Tele-education 
• Tele-shopping 
• Tele-advertising 
Broadband 
Videoconference 
Multipoint communication for the transfer of 
voice 
(sound), moving pictures, and video-scanned 
still 
images between two or more locations 
(person-to-
group, group-to-group) 
• Tele-education 
• Tele-shopping 
• Tele-advertising 
Data High-speed 
unrestricted 
digital information 
transmission service 
• High speed data transfer 
- LAN (local area network) interconnection 
- MAN (metropolitan area network) 
interconnection 
- Computer-to-computer interconnection 
• Transfer of video and other information 
types 
• Still image transfer 
• Multi-site interactive CAD/CAM 
High-volume file 
transfer service 
• Data file transfer 
Document High speed telefax User-to-user transfer of text, images, 
drawings, etc 
High resolution 
image 
communication 
service 
• Professional images 
• Medical images 
• Remote games and game networks 
Document 
communication 
service 
• User-to-user transfer of mixed documents 
Messaging 
Services 
Moving Pictures 
(video) 
Video mail service Electronic mailbox service for the transfer of 
moving 
pictures and accompanying sound 
Document Document mail 
service 
Electronic mailbox service for mixed 
documents 
Retrieval 
Services 
Text, data, graphics, 
sound, still images, 
moving pictures 
Broadband videotex • Videotex (including moving pictures) 
• Remote education and training 
• Telesoftware 
• Tele-shopping 
• Tele-advertising 
• News retrieval 
Video retrieval 
service 
• Entertainment purpose 
• Remote education and training 
High Resolution 
image 
retrieval service 
• Entertainment purpose 
• Remote education and training 
• Professional image communications 
• Medical image communications 
Distribution 
Services Without 
User Individual 
Video Existing quality TV 
distribution services 
(PAL, NTSC, 
SEC AM) 
• TV Programme distribution 
Presentation 
Control 
Extended quality TV 
distribution services 
• Enhanced-
definition 
TV distribution 
service 
• High quaUty TV 
• TV Programme distribution 
HDTV distribution 
service 
• TV Programme distribution 
Pay-TV (pay-per-
view, 
pay-per-channel) 
• TV Programme distribution 
Text, graphics, 
still images 
Document 
distribution 
service 
• Electronic newspaper 
• Electronic publishing 
Data High-speed 
unrestricted 
digital information 
distribution service 
• Distribution of unrestricted data 
Moving pictures and 
sound 
Video informtion 
distribution service 
• Distribution of audio signals 
Distribution 
Services With 
User Individual 
Presentation 
Control 
Text, graphics, sound, 
still images 
Full-channel 
broadcast 
videography 
• Remote education and training 
• Tele-advertising 
• News retrieval 
• Telesoftware 
Source: Adapted from Department of Industry, Technology and Commerce (DITAC) Report, (1990) 1 
1 Department of Industry, Technology and Commerce (DITAC), "What is DVC ? Who Are The Stakeholders ?" 
Public Policy Issues and Service Industries Opportunities for Australia in Digital Video Communications, 
April 1992 Report No.4, pp21-27 
Messaging Services include applications such as video mail and document 
mail services. Just as voice mail allows messages to be stored and replayed at a 
later date, the ability to have a mailbox for the storage of moving pictures 
accompanied by sound wUl aid many organisations. The same applies for 
electronic documents: for example, lawyers could reap many benefits from such a 
system. 
Retrieval Services incorporate applications for text, data, graphic, sound, still 
images and moving pictures. Broadband videotex may be utilised for such 
applications as remote education and tele-shopping, as well as news retrieval. 
Retrieval services may serve the purposes of both the business and domestic 
communities. Also included within retrieval services are such applications as 
video retrieval for entertainment purposes (video-on-demand), remote educational 
uses, high-resolution image transfer and retrieval facilities, document retrieval 
facilities, and data retrieval facilities. 
Distribution services without user individual presentation control 
applications are those where the individual does not have any control over the 
content of the information being transferred. This area falls mainly within the 
entertainment industry. Most prolific within this category is the television 
programme distribution industry. The ability to interface with existing television 
standards (PALS - Australia, SECAM - Europe, and NTSC - USA) is essential 
for its success. The next step is to provide extended quality distribution services 
and enhanced definition television services including High Definition Television 
(HDTV) and Pay-TV. 
Electronic newspapers and electronic publishing are two other applications where 
the individual has no control of the content of information disseminated. But the 
user has the ability to print off at home or read online the daily newspaper or a 
favourite novel. 
Moving pictures accompanied by sound are other applications within this 
category. This allows for Video-on-demand' services. The user simply programs 
the video they wish to view at a certain time, and it appears on their screen. 
Finally, distribution services with user individual presentation 
control include applications for transmission and retrieval of text, graphics, 
sound and still image. This will aid remote users for education and training 
applications. 
But does the existing telecommunications infrastructure suit customer needs ? 
The answer depends upon the market, and the generation of consumers, targeted. 
2.2 Analysing Broadband Potential 
Forecasting the likely number of broadband subscribers is essential to the 
evolution of the BISDN. Hagenhaus and Von Der Straten^ provide four estimates 
of broadband subscribers up to the year 2005 and beyond. 
Their estimates assume that, initially, commercial broadband subscribers will be 
medium to large businesses. Hence, video phone services and distributive 
services do not have to be considered during the introductory phase of network 
evolution. Beyond the year 2000, the expected subscriber growth rate will 
depend on how quickly residential consumers will subscribe to distributive 
services such as Pay-TV (currently a contentious issue in Australia), pay-per-
view, high-definition TV (HDTV), and video phone. 
One must be careful when analysing statistical data with the aim of gauging 
broadband potential. It is possible to overestimate the potential since, in the 
future, it may still be possible to satisfy the communications needs of certain 
users through the standard telephone connection or through a 64 Kbps ISDN 
connection.^ 
Obtaining figures for broadband subscribers expected is still an insufficient basis 
for network planning. Estimating the usage intensity for average broadband 
access in terms of traffic volume and related characteristics is also necessary. 
Factored into this equation should be the number of subscribers expected. The 
result is an adequate definition providing the basis for determining network 
^ Hagenhaus, L and Von Der Straten, G., "Broadband Networks: Will There Be Users ?" Telecom Asia , April 
1993, pp.50-56 
^ CCITT, Table 1/1.211 of CCITT Communications XVII-R 34E in Department of Industry, Technology and 
Commerce (DIT AC), Strategic Alliances in the Internationalisation of Australian Industry, (Australian 
Government Publishing Services, Canberra 1990), p.51 
resourcesFigure 1 displays the emerging broadband markets by technology, 
surveyed in 1992, It clearly shows that ATM and SDH are the two 
technologies/standards paving the way for the delivery of broadband applications 
in the future. 
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Figure 1 Broadband markets by technology. 
2.3 Measuring Demand for BISDN Services 
As broadband services move closer to reality, companies continue forming 
corporate alliances to create new, more sophisticated technologies. But, through it 
all, the most obvious question can be overlooked: Do customers want these 
services ? According to a study undertaken in the US, the billion dollar answer is 
"yes". 
The survey, commissioned by EON Corporation, is a compilation of a random 
and representative sample of 1465 TV viewers and VCR owners with annual 
Hagenhaus, L. and Von Der Straten, G., "Broadband Networks: Will There Be Users ?" Telecom Asia , April 
1993, pp.50-56 
^ Communications Industry Researchers (1992), Emerging Broadband Markets Report, October 23, 1992, pi 
incomes of more than $US25,000 (average users) and 456 consumers who are 
both strongly interested in and more likely to own state-of-the-art consumer 
electronics.^ 
According to the study, which was designed to probe consumer attitudes and 
opinions about interactive TV, 75 per cent of average consumers and 93 per cent 
of electronics enthusiasts said interactive TV has many benefits. Interactive 
entertainment programming also received support, as 83 per cent of electronics 
enthusiasts said play-along programs will allow TV viewers to be engaged 
actively in an entertainment show. Furthermore, 49 per cent of average 
consumers said they wanted movies-on-demand. 
Additionally, participants said they are looking for products that meet their 
individual needs, save time and are cost efficient. The three perceived customer 
benefits were control, convenience and customisation through a variety of 
applications. 
Results of the survey show participants were most interested in interactive 
educational and information retrieval programs which they said would make 
accessing information easy and enjoyable. Public opinion polling, home banking 
and shopping applications were also noted as attractive consumer features. 
Figure 2 provides a comparison of the number (in thousands) of ATM 
applications available in the years 1995 and 2000. It shows that the number of 
ATM-based applications grows from 1000 in 1995 to around 230,000 in the year 
2000. That is an incredible leap in just a short space of time. In conjunction with 
the number of ATM-based applications is the number of Metropolitan Area 
Network (MAN) services. (Note how the two are interrelated via cell relay as 
described in Chapter 3.) 
From the above study, it is evident that there is demand for broadband services 
and that it wiU be up to the telecommunications carriers to build the infrastructure 
that will supply these services. 
^ The following results are from Video Service News, September 6, 1993, p6 
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Figure 2 Broadband service connections ('OOO's). 
2.4 BISDN Services Introduction 
The introduction of BISDN will not only have to take account of the existing 
network, in terms of transmission media and technology, but also the current 
services required by the user and not simply the new broadband services that are 
becoming available. For residential areas, there is already TV and POTS 
distribution via cable, often on optical fibre, and it will not be long before these 
networks are based not only on optical technology but also on the use of passive 
optical systems. Within this carrier system is the use of ATM as the cell-based 
transport system that ensures that the current and new systems are compatible. 
The future use of HDTV implies that ATM will operate at 155 Mbps, though this 
will depend upon the number of channels offered to the subscriber. The same 
considerations apply to video on demand (VOD), which itself requires high data-
rates on both up and down paths.^ 
^ Saunders, M., "ATM Migration Strategy - Protecting Your Existing Technologies", in Paper 
delivered at ATM'93, November 15-16, 1993 
^ Ackroyd, B., "ISDN and ATM Come Together", Asian Communications, August 1993, p22 
RESEARCH ACTIVITIES - PART ONE 
Describing the State-of-the-Art of the Enabling 
Technologies and their Trials, as well as the Organisation 
of Carriers and Providers 
SECTION B 
BROADBAND: THE ENABLING TECHNOLOGIES 
CHAPTER 3 
TECHNICAL ASPECTS OF BROADBAND ISDN 
3.1 Introduction 
Broadband ISDN is seen as an extension of narrowband ISDN. The ITU-T 
(previously the CCITT)^ have defined Broadband ISDN (hereafter referred to as 
BISDN) as "a service or system requiring channels capable of supporting rates 
greater than the primary rate".io BISDN is not a technology per se, but rather a 
service offered by telecommunications carriers. It may be thought of as a high-
capacity pipe allowing carriers to deliver digital information from source to 
destination. The BISDN will contain intelligent capabilities for the purpose of 
providing advanced service characteristics, supporting powerful operation and 
maintenance tools, network control and management 
The goal of BISDN is to provide on a single user interface a network to meet the 
requirements of a variety of applications such as: 
• High speed unrestricted digital information transfer 
• Multi-site interactive CAD/CAM 
• Electronic mailbox services 
• Remote education and training 
• Interactive TV distribution 
• Electronic publishing 
• Bandwidth on demand 
To do this, the service must be able to accommodate: 
• Broadband and narrowband data rates 
• Bursty and continuous traffic 
• Connection-oriented and connectionless-oriented services 
• Digital signal processing 
• Broadcast services 
^ The International Telecommunications Union, until 1992, consisted of the World Plan & Gas, CCIR and the 
CCITT. From 1993, the World Plan & Gas was renamed the ITU-D, CCIR was renamed to the ITU-R and the 
CCITT was renamed to ITU-T. Some of the responsibilities of the CCIR have been transferred to the ITU-T. 
CCITT and ITU-T will be used interchangeably in this report. For descriptions, see the Glossary of Terms, 
in Kawarasaki and Jabbari, "B-ISDN Architecture and Protocol", IEEE SAC , Vol.9 No 9, pl405 
Figure 3, the CCITT BISDN protocol reference model, shows that BISDN is 
built on the ATM platform (refer to Chapter 4 for a technical description of 
ATM). The higher levels talk to the ATM Adaptation Layer (AAL), which adapts 
these services to the ATM format. The ATM layer provides the cell transfer 
capability and the physical layer provides the cell transport ability. The ATM layer 
is independent of the physical layer. 
Source: CCITT, quoted in Irvin (1993)11 
Figure 3 CCITT BISDN protocol reference model. 
The model shows the lower levels of the hierarchy, as well a number of "planes": 
a user plane to transport user information; a control plane to deal with signalling; 
and a management plane to maintain (and manage) the network, 
The total bandwidth available may be segregated into two terms: narrowband and 
broadband. When the potential bandwidth available is less than 2 Mbytes/second, 
it is known as narrowband. Currently, the ISDN is operating at narrowband 
rates. Broadband refers to any speeds in excess of 2 Mbytes/second. ISDN 
(Integrated Services Digital Network) is a form of telecommunications through 
which information may be sent from one point to another. It is based upon 
digital signals from end to end, as distinct from the current mode of 
telecommunications which uses analogue frequencies. Also, in contrast to the 
11 Irvin, D., "Making Broadband ISDN Successful", IEEE Network, January, 1993, p43 
O'Sullivan, J., "Network Technologies", in Paper delivered at PABX Value Added Voice Systems , October 
20-21, 1993 
current mode of telecommunications (POTS - Plain Old Telephone System), 
ISDN integrates voice, data, and to some extent, video services on the same hne. 
This can only be achieved through the digitisation of information. 
The drive for BISDN was and is to provide a public network base which can 
support a range of existing narrowband and new broadband services through a 
unique customer interface with common customer control and management. 
BISDN provides an altemative to building multiple discrete service-specific 
overlay networks. The choice of an ATM-based BISDN provides the means of 
meeting broad uncertainties in service evolution and market development in a 
manner that is currentiy unavailable on public telecommunications networks. 
ATM is now being embraced by corporations for its potential as the next 
generation LAN. One of the keys to success of ATM and BISDN will be the 
availability of standards, as well as the other obvious factors of technology 
development and market demand. 
To deliver BISDN services, various technologies must be addressed. These 
include switching technologies (refer to section 3.2), connection versus 
connectionless oriented services (refer to section 3.3), the concept of virtual 
channels and paths (refer to section 3.4), video compression techniques (refer to 
section 3.5), frame relay versus cell relay (refer to section 3.6), Synchronous 
Digital Hierarchy (refer to section 3.7), and Switched MultiMegabit Data 
Services (refer to section 3.8). Understanding these technologies is paramount to 
understanding BISDN. Asynchronous Transfer Mode is the engine by which 
BISDN wiU be delivered. And the medium by which BISDN is delivered wiU be 
optical fibre. 
3.2 Transmission Modes 
To understand the difference between circuit switching and packet switching, 
consider the following example. When you place a call to another person, a line is 
physically sought by the switching equipment at the local loop, which physically 
dedicates a line through the trunk and out to the local loop at the other end. Thus, 
there is a dedicated path between both parties. The full bandwidth is utilised, even 
though it may not be physically required. This method is termed circuit 
-switching. 
In a circuit-switched or time division multiplexed environment, bandwidth is 
multiplexed between several channels with assigned amounts of bandwidth. This 
environment is best suited to applications that require guaranteed bandwidth or 
low latency: thus voice and constant-bit-rate data traffic is generally carried over 
circuit-switched transport. Unfortunately, this environment is not suited for most 
of the data traffic that tends to be "bursty" in nature.^^ If the bandwidth is fixed 
and dedicated all the time for bursty traffic, much bandwidth is wasted and not 
utilised. 
In contrast, packet-switching utilises an entirely different concept to estabhsh a 
connection between parties. Data is organised and distributed throughout the 
network in 'packets'. These packets consist of a header, which contains 
information required by the network in order to deliver it to the intended 
destination. Depending upon the mode of communication (ISDN, BISDN, 
LANs, etc.), the header information will be different; however, the concept 
remains the same. Essentially, the header will contain the address of the sender, 
the address of the user, and some error-checking control bit. The remainder of the 
packet contains the information to be sent. Again depending upon the mode of 
communication, the length of the packet will differ. For example, with 
Asynchronous Transfer Mode (ATM), the length of the packet is 53 bits, whereas 
in another type of packet-switching topology, it may be 128 bits. 
Once a packet has been assembled at the user's premises, through a Packet 
Assembler Dissembler (PAD), it is then sent out into the packet-switching 
network. The key difference between circuit-switching and packet-switching is 
that with packet-switching, the full bandwidth is not required by the user: only 
what is needed will be used. The remainder may be used by other packets being 
sent around the network. However, a sudden surge of activity may cause the 
bandwidth to overflow and some packets may be lost. Hence, error correction 
and control is stored at the user's premises and not on the network. With circuit 
switching, any unused bandwidth is wasted. 
A packet-switched environment is more suited for bursty applications since the 
bandwidth is more efficiently utilised. However, this transport mechanism has 
unpredictable delay, and latency tends to be high. Thus, packet switches are not 
suitable for constant-bit-rate signals such as voice. 
l^That is, traffic will not be at a constant rate, but rather come in "bursts" at random periods. 
The concept of packet-switching is important for understanding ATM and, 
therefore, BISDN. Consider Figure 4a: If A wishes to speak to E, then his 
packets are sent out into the network, without the need to establish a direct 
connection. At the same time, B wishes to send information to E. His packets are 
then sent out into the network. This is possible as the full bandwidth is not 
utilised. E will receive all packets from both sources as in Figure 4b. 
Source: Savanis (1994) 
Figure 4a A basic illustration of packet switching. 
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Source: Savanis (1994) 
Figure 4b E receives packets from A and B simultaneously. 
Note how E receives data. There is no logical sequence, as packets arrive 
according to when they were sent. It is up to the PAD (Packet Assembler/ 
Dissembler) at E to disassemble the packets and arrange them in order for E to 
read them. If circuit-switching were used, B would have to wait for A to 
complete his call and free up the line. 
Another difference between circuit-switching and packet-switching is that in 
packet-switching networks, packets may be delivered in the wrong order to the 
destination. Re-ordering of packets cannot occur with circuit-switching. 
The method by which the usage of the network is measured (and hence how the 
user is charged) also differs. Packet-switching carriers usually base their charges 
on both the connect time and the number of bytes (or packets) used. Circuit-
switching carriers charge a fixed rate per connect time, based upon distance. 
Furthermore, with packet-switching carriers, distance does not matter (except for 
international connections). 
In summary, the main difference between packet-switching and circuit-switching 
is that with circuit-switching the full bandwidth is utilised, even though it may not 
be required. Packet-switching overcomes this by offering only the bandwidth that 
is required by the user, thus allowing multiple users to operate concurrently on 
the same line. 
3 .3 Connection-Oriented versus Connectionless-Oriented Services 
Following on from the discussion of transmission modes is the concept of the 
type of services that may be offered - connection-oriented versus connectionless-
oriented services. 
To understand this concept, consider the following: The current public telephone 
system is a connection-oriented service. A customer dials a number to 
establish a connection. Once the connection is made, the parties exchange 
data/information. Finally, the connection is broken. Even though what happens 
inside the telephone exchange is rather more complicated than presented here, a 
dedicated, point-to-point line has been created that will always deliver data in the 
order in which they were sent. The essential aspect of connection-oriented 
services is that a connection acts like a pipe: the sender sends objects in the pipe 
from one end, and the receiver receives the objects at the other end in the order in 
which they were sent, much the same as circuit-switching. 
In contrast, the postal system is a connectionless-oriented service. Each letter 
carries the full destination address and is carried independently of every other 
letter. Letters do not necessarily arrive in the order in which they were sent. For 
example, if a postman accidentally dropped a letter, the postal service will not 
"time out" and then send a duplicate. In other words, error correction and control 
is handled by the users themselves, outside the postal system, as with packet 
switching. 
Each service may be characterised by the Quality Of Service (QOS) provided. 
Some services are reliable in that they never lose data (connection-oriented). This 
is achieved by having the receiver acknowledge the receipt of each message. This 
method is desirable for file transfer, where the amount of errors (or lost packets) 
is critical. However, for other transactions (such as multimedia communications), 
this method is seen as undesirable as it adds immense overhead to the rate at 
which data may be transferred. 
The implications of these two types of services play an important role in defining 
the network layer in the OSI (Open Systems Interconnect)^^ standards. 
Originally, the OSI network layer service definition was a connection-oriented 
service. However, due to persistent lobbying by the connectionless service 
advocates, the definition of the OSI network layer service was rewritten to 
include each class of service. Both types are now permitted and protocols for 
supporting both types have been incorporated into the OSI framework. 
Table 2 summarises the differences between connection-oriented and 
connectionless-oriented services. There are many more arguments for and against 
each service but it is beyond the scope of this report to analyse both services in 
detail. 
l^The Open Systems Interconnect (OSI) model is based upon a proposal developed by the International 
Standards Organisation (ISO) as a first step toward international standardisation of various network 
protocols. There are seven layers in this model: (1) The Physical Layer; (2) The Data Link Layer; (3) The 
Network Layer; (4) The Transport Layer; (5) The Session Layer; (6) The Presentation Layer; and (7) The 
Application Layer. For an explanation of OSI, see Tanenbaum, A., Computer Networks, Prentice-Hall, USA, 
1988, ppl4-22 
TABLE 2 SUMMARY OF THE MAJOR DIFFERENCES BETWEEN CONNECTION-
ORIENTED AND CONNECTIONLESS SERVICES 
Issue Connection-
Oriented 
Connectionless 
Initial Setup Required Not possible 
Destination Address Only needed during Needed on every 
setup packet 
Packet Sequencing Guaranteed Not guaranteed 
Error Control Done by network Done by transport 
layer (subnet) layer (host) 
Flow Control Provided by Not provided by 
network layer network layer 
Is Option Yes No 
Negotiation 
Possible ? 
Are Connection Yes No 
Identifiers Used ? 
Source: Tanenbaum (1988)1̂  
3.4 Virtual Channels and Virtual Paths 
Moving on from the discussion on transmission methods and services, it is 
important to concentrate on how data/information is sent from point to point, 
from a BISDN standpoint BISDN utilises virtual channels and virtual paths to 
relay information over the network. 
Cells belonging to a particular service constitute a "virtual' channel" (VC). In 
fact, many virtual channels may share a single link. Virtual channels are, in turn, 
bundled into 'Virtual paths" (VP). A particular link will consist of one or more 
virtual paths which, in turn, comprise one or more virtual channels. 
Tanenbaum, A., Computer Networks, Prentice-Hall, USA, 1988, p273 
Figure 5 illustrates how virtual channels and virtual paths combine to form a 
link. Remember, these channels and paths are not physically separate, it is their 
bandwidth which separates them, hence the name Virtual'. Channels VCl, VC2, 
and VC3 combine to form a virtual path (VPl), while VCl, VC2, and another 
channel, VC4, combine to form another virtual path (VC4). Each channel 
contains a stream of data from a source. One source can, however, send more 
than one stream of data, hence the requirement for another path. 
VCl | | V C 2 VC3 1 VC4 
VPb 
VPc 
ATM Cross Connect 
VPx D 0 vpy 
3 VC4 
VC3 
Source: Veerback (1992)16 
Figure 5 Virtual Channels and Virtual Paths. 
Veerback, "Introduction Strategies Towards BISDN for Business and Residential Subscribers Based on 
ATM", IEEE SAC, December 1992, pl430 
A virtual channel identifier (VCI) and a virtual path identifier (VPI) are used to 
identify connections. The VCI identifies the particular VC link within a VP. A VC 
is originated/terminated by the assignment/removal of the VCI value. VCIs are 
established by the user, VPIs by the network. These are assigned on a "link by 
link" basis; that is, for a particular "call", the VCI from the CPE (Customer 
Premises Equipment) to the switch at the A end will differ from the VCI used to 
identify the caU at the B end. VC routine is performed at a VC connecting point 
(switch) which translates the VCI value for the incoming link to new values for 
the outgoing link. VC links are concatenated to form the VC connection which is, 
essentially, the end-to-end connection between the terminal equipment. ̂ ^ 
These virtual paths exist for network management reasons. For example, virtual 
channels belonging to a particular customer who wishes to use the public 
telephone network may be grouped together to link parts of a private company 
network. 
3.5 Video Compression Techniques and Standards 
Having discussed different modes of transmission, types of services offered, and 
the way information is sent, it is also important to briefly discuss compression 
techniques. With the ever increasing amount of information that is to be sent over 
these lines (e.g., in multimedia applications), compression of data is important. 
In terms of standards, one cannot talk about BISDN without discussing video 
compression techniques. It is beyond the scope of this report to delve too deeply 
into this topic. However, it is important to note that the most popular video 
compression standards are JPEG (Joint Photographies Experts Group), which 
deal with the standardisation of continuous-tone images and MPEG (Motion 
Picture Experts Group), which deal with the standardisation of video 
compression and its associated audio for storage on digital media, as well as 
H.261, which is the international standard for videoconferencing. 
O'Sullivan, J., "Network Technologies", in Paper delivered at PABX Value Added Voice Systems , October 20-21, 
1993 
The Joint Photographies Expert Group (JPEG) has been working since 1986 to 
develop a standard for continuous-tone (greyscale and colour) digital still-image 
compression. 
The Motion Picture Expert Group (MPEG) started in 1988 to formulate a 
standard for the compression of video and its associated audio for storage on 
digital media. This standard is aimed at a number of applications, ranging from 
CD-ROM to multimedia applications over telecommunications channels. Table 3 
summarises the various applications which will employ the MPEG standard. 
MPEG2 is set to become an international audio/visual coding standard for new 
digital television, video recording and multimedia applications throughout the 
next decade. The key technical elements of MPEG2 were set in place at the 
meeting of the intemational MPEG Standards Committee in Sydney, in late 
March 1993. 
TABLE 3 APPLICATIONS EXPECTED TO UTILISE THE MPEG ALGORITHM 
Asymmetric Applications Symmetric Applications 
• Electronic Publishing 
Education and Training 
Travel Guidance 
Videotex 
Point of Sale 
• Games 
• Entertainment (Movies) 
• Electronic Pubhshing 
(Production) 
• Video Conferencing 
• Video Telephone 
• Video Mail 
Source: Steffen and Edgar, (1991)20 
^^ Steffen, C.V and T.H. Edgar, "Image and Video Coding Standards and Their Implementations", in 1st 
Australian Multimedia Communications, Applications and Technology Workshop (Curtin University, 
Perth, 1991), p209 
19/¿/J., p214 
p215 
In Australia, there are at least five MPEG Compressed Digital Video (CDV) 
technology suppliers in the bid for the Australian Pay TV market - General 
Instruments, Scientific-Atlanta, Thomson, Compression Labs Incorporated, and 
Philips. Potential key players from the Australian manufacturing industry include 
Sharp, Kambrook, Exicom and Panasonic. Optus Communications and Telecom 
Australia have closely followed the developments in digital compression 
technology, and have participated in the MPEG standards meetings. 
H.261 is a CCITT standard for video compression, and is used to transmit video 
at rates between 64 Kbps and 1.544 Mbps (Tl). It incorporates multiplexing, de-
multiplexing and framing of multimedia data, call setup and teardown. 
At approximately 25 Mbytes of image data per second, one hour of video 
represents as much as 90 Gigabytes of information, not including sound. Current 
technology makes it virtually impossible for multimedia applications of this size 
to be efficient. What is required is a system that allows for a large enough 
bandwidth to permit applications of this magnitude to pass through. BISDN is the 
technology to do this; however, only through standardisation can it be realised. 
The Australian telecommunications regulator, AUSTEL, has standards in place 
for the evolution to BISDN. The most important of these, TSO 16,̂ 1 defines the 
requirements for Customer Premises Equipment (CPE) connecting to hierarchical 
digital interfaces. The latest version of TS016 was issued as a draft for Public 
Comment from 1 September 1993 to 1 November 1993 and now includes 
requirements for digital interfaces operatmg at the hierarchical bit rates of 8, 34, 
and 140 Mbps. These requirements are based on CCITT Recommendation 
G.703, 1991.22 
In addition, AUSTEL has recently issued new Terms of Reference to Working 
Group 9/1 for the development of: 
(a) Synchronous Digital Hierarchical (SDH) interfaces for Customer Equipment, and 
(b) optical fibre interface specifications for those data rates specified in the draft 
version of TS016. 
21 The full name is: AUSTEL Technical Standard 016 - General Requirements for Customer Equipment Connected 
to Hierarchical Digital Interfaces. 
22 See Appendix I for further ITU-T BISDN study groups. 
3.6 Frame Relay versus Cell Relay Transmission Techniques 
Frame relay uses variable-length packets like those found in Local Area 
Networks (LANs). However, frame relay techniques require less protocol 
overhead than LANs and are thus suited to fast internets or Wide Area Networks 
(WANs). Error checking is performed at the ends of the links (that is, at the 
customer's site) and not at each switching node. Hence, the network passage of 
frames/packets may be up to ten times faster than packet-switching techniques 
such as X.25^^ which require acknowledgement from the receiver before 
transmitting the next packet of information. 
With any form of packet/frame network, the management of congestion is a 
primary consideration. And when time-sensitive data are being transported across 
the network, there must be a system for establishing and recognising priority 
levels. Frame relay does not have the capability of recognising prioritised frames, 
and deals with congestion simply by discarding frames at random or identified 
'Discard Eligible' frames. Frame relay depends upon the application to perform 
error and flow control procedures. 
Unlike frame relay, cell relay works with fixed length cells - 48 bytes of data 
and a 5 byte header. These cells are relayed in hardware at the Physical Layer 
(OSI Level 1). Two cell relay standards have been defined for broadband 
networks: IEEE 802.6, known as the Distributed Queue Dual Bus (DQDB) or 
Queued Packet and Synchronisation Exchange (QPSX) for Metropolitan Area 
Networks; and Asynchronous Transfer Mode (ATM) for Broadband ISDN and 
Wide Area Networks ( W A N s ) . 2 4 
Figure 6 represents how frame relay and cell relay technologies relate to fast 
packet switching. Fast packet-switching methods for broadband networks are 
divided by frame relay and cell relay technologies. Frame relay defines the 
interface to wide area packet services, and cell relay provides the underlying wide 
area backbone technology that may be accessed by a number of technologies, 
including frame relay. 
^^ X.25 is the set of internationally agreed network access protocols, defined for the interfacing of Data 
Terminal Equipment (DTE) to a Packet Switched Data network (PSDN). 
Stallings, W., Business Data Communications (Maxwell-Macmillan, New York, 1990), p54 
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Figure 6 The world of broadband. 
Essentially, fast packet switching is a streamlined version of the conventional 
packet switching that reduces error checking and flow control overhead. Network 
delays are minimised by switching packets as they arrive, rather than using the 
conventional store-and-forward technique, by which packets are stored and then 
forwarded later. This technique allows the network to be used for voice and video 
which require a regular time-dependent feed of data. 
While traffic flows from switch to switch, far less protocol processing is 
performed. The switches no longer need to set up connections or recover from 
errors. These errors will be corrected at the end user's premises by the end 
stations and their high level software. 
McQuillan, J., and Fist S., "Broadband Networks - The End of Distance ?" Australian Communications, 
August 1990, p51 
This technique is important as future applications will produce substantial 
volumes of traffic for short periods of time. This will then be followed by a quiet 
period before another short burst. Hence, the less protocol processing performed 
during these 'bursty' periods, the better, as it is during these periods that 
congestion may occur. If error detection/correction is handled at the user's 
premises, then a constant flow of data will be achieved. 
This 'bursty' nature occurs with voice having pauses between phrases and 
sentences. Video signals, when they are compressed, are also highly bursty (due 
to video's variable bit rate), because 'difference' information only is transmitted; 
that is, only the frames that are different to the previous image are transmitted. It 
is pointiess to transfer every pixel in an image continuously. 
Take, for example, a person speaking, with a constant background. Only when 
the person moves and covers some of the background will the image be different. 
For a large percentage of the time, however, most of the background is the same. 
Hence, there is no need to re-transmit those pixels that do not change. Only the 
'difference' images (pixels) will be transmitted, thus requiring less data to be 
transmitted over the network. 
If we are to have an integrated network, then that network must be capable of 
handling bursty traffic efficiently, and also have high bandwidths for video. Fast 
packet-switchmg is able to meet these requirements. 
In order to build this 'integrated' network, however, standards must be enforced. 
To this end, the basics of frame relay were specified in the CCITT Blue Book 
1.122 in 1988. Switched virtual circuits wiU use extensions to Q.931 for call 
setup.26 In the United States, the Metropolitan Area Networks (MANs) are 
called Switch MultiMegabit Data Services (SMDS). It is well recognised that the 
Distributed Queue Dual Bus (DQDB) MAN is an interim solution, providing early 
broadband services to supplement the present ISDN. 
To summarise, cell relay is designed as a general purpose switching method for 
carrying voice, data, image and video. Frame relay is designed as an interface 
rather than an intemal switching method. 
26 Stallings, W., Business Data Communications (Maxwell-Macmillan, New York, 1990) , p54 
3.7 Synchronous Digital Hierarchy 
Synchronous Digital Hierarchy (SDH) is based upon a bit rate of 155 
Mbps. This SDH base rate is denoted as STM-1 (Synchronous Transport Module 
level 1). At present, SDH has multiples set at STM-2 (311.04 Mbps), STM-4 
(622.08 Mbps) and STM-16 (2.488 Gbps).27 The core idea of SDH is the 
possibility to cross-connect low-order signals within a higher-order signal 
without separately multiplexing the whole signal. 
The concept of SDH was pioneered as Synchronous Optical Network (SONET) 
in the American National Standards Institute (ANSI). SDH is well suited for 
public networks due to its ability to provide synchronous multiplexing with 
payload capacity in excess of 150 Mbps. This allows backward compatibility 
with widespread plesiochronous digital hierarchy (PDH) and is suitable to serve 
as a transport vehicle for ATM and MAN structured signals.^^ 
In 1981, the TlXl subcommittee of ANSI set about defining a standard to aUow 
any manufacturer of optical fibre multiplexing equipment to interconnect with 
those of another. The original aims were: 
• to develop a family of digital signal interfaces 
• to use a base rate near the 50 Mpbs to accommodate the DS3 signals 
• to use synchronous multiplexing to enable individual payloads to be extracted easily 
• to support the use of broadband payloads. 
The CCITT took an interest in the work and, after much discussion, agreed on a 
multiplexing structure which satisfied the differing requirements of the three 
major blocks. This is shown in Figure 7. The original SONET (Synchronous 
Optical Network) defined the layers up to the 51 Mbps level. It was extended to 
the other level in CCITT (for SDH). 
^^ McQuillan, J. and Fist, S., "Broadband Networks - The End of Distance ?" Australian Communications, 
August 1990, p51 
Carrelli, C., Ciardi, M., Ciccarella, G., Guarene, E., "Broadband Trends in Italy", Telecommunications, July 
1993, Vol.27, No.7, p21 
The multiplexing scheme arranges for all traffic (at its current transmission rate) 
to be packaged within standard "Synchronous Transport Modules" (STM). These 
modules have been designed so that they can accept the standard 
European/Australian data rates, the North American and the Japanese. The basic 
design fits 9*270 bytes in a 125}xsec frame, giving a line data rate of 155.2 
Mbps. For the European/Australian system, the individual tributaries are byte 
interleaved into the SDH frame. Many of these bytes are used for overhead and, 
with the 2 Mbps based systems, 63 tributaries fit into a single STM.29 
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Figure 7 Synchronous interfaces. 
29 O'Sullivan, J., "Network Technologies", in Paper delivered at PABX Value Added Voice Systems, 
October 20-21, 1993 
30 Asatani, Harrison, Ballarat, "CCITT Standardisation of Network Node Interface of Synchronous Digital 
Hierarchy", IEEE Comms Mag, August 1990, pl5 
For the North American system, three tributaries are bit-interleaved to form the 
STS-1 frame and then three of these are byte-interleaved to form the STS-3 
frame. The STS-1 and STS-3 frames of SONET are mapped directly to OC-1 and 
OC-3 frames of SDH. Hence, although not "identical", SONET is effectively 
embedded in SDH.^i 
Synchronous Digital Hierarchy is increasing in demand all over the world. In 
Australia, both telecommunications carriers, Optus Communications and Telecom 
Australia, have adopted this technology. 
Optus Communications has just completed its digital switching system. Its 
backbone technology is based upon Synchronous Digital Hierarchy. Therefore, 
Optus Communications is well placed to take advantage of any future Broadband 
ISDN services that will be available. 
3.8 Broadband Virtual Private Networks (B-VPN) 
Virtual Private Networking (VPN) allows organisations to obtain the benefits of 
private networking without the need to dedicate large amounts of bandwidth 
between sites. It also delivers to users feature transparency between sites, cities, 
and countries to improve intemal efficiencies. 
B-VPN gives a business user having a company structure over a country or 
intemationally, high speed data communication features for LAN interconnection 
similar to a private network by using public network capabilities. In particular, 
the B-VPN service can be based on semi-permanent or on switched connections. 
In the former case, within an ATM environment, traffic-related virtual channel 
dimensioning can be provided by the public network operator in order to 
efficiently use network resources and minimise user costs. Furthermore, 
sophisticated customer control features can be provided to cope with specific and 
variable user needs.^^ 
Asatani, Harrison, Ballarat, "CCITT Standardisation of Network Node Interface of Synchronous Digital 
Hierarchy", IEEE Comms Mag, August 1990, pl5 
^^ Carelli, C., Ciardi, M., Ciccarella, G., and Guarene, E., "Broadband Trends in Italy", Telecommunications, 
July 1993, Vol.27 No.7, p24 
Telecom Australia's domestic Virtual Private Network service called "CustomeNet 
Horizon" was originally introduced to meet the needs of large corporate customers 
for whom the task of managing a small telephone network was taking up an ever 
increasing amount of time while in most cases taking the communications group 
further away from their core business. 
Optus Communications have named their VPN "Optus BusinessNet VPN". This 
service will be available at the end of the first half of 1994 in both national and 
intemational formats. 
CHAPTER 4 
TECHNICAL ASPECTS OF ASYNCHRONOUS TRANSFER MODE 
4.1 Introduction 
Broadband ISDN is based upon a technology called Asynchronous Transfer 
Mode (ATM). ATM transmits data using cell switching on virtual circuits, thus 
combining both circuit-switching and packet-switching technologies. The CCITT 
(ITU-T) has adopted ATM as the basis for BISDN. 
ATM uses short, fixed-length ceUs with minimal headers to allow information to 
be routed at high speeds by hardware implementing routing tables at each switch. 
The term asynchronous refers to the fact that cells allocated to the same 
connection may not recur at the same interval, as they are only fiUed according to 
the demands for data to be sent. That is, ATM allows for 'usage by demand', 
whereby the user will only use the required amount of bandwidth for that instant 
in time when transmitting. When the user is not transmitting data, the line is not 
utilised. Compare this to a circuit-switched line, where the user will be charged 
for the amount of time spent on the line, regardless of whether transmitting data 
or not. 
The ATM network handles different information in different ways. Video 
transmission can be reduced in bandwidth by transmitting only the information 
relating to changes in the picture content (this will vary with the action in the 
picture), and so is well suited to the variable capacity of ATM.33 Voice, on the 
other hand, can be packaged into ATM cells at 64 Kbps. 
A recent United States survey of early adopters of ATM technology (conducted 
for the ATM Forum) reveals some of the major reasons for customer interest in 
ATM: 
• The need for LAN performance above 100 Mbps, particularly on the backbone; 
• The need for scalable network architectures; 
• New business strategies demand a new kind of network. 
^^ Harrison, B., "Evolution to ATM", Communications International, October, 1991, pl04 
^^ Rose, S., "Carrier Update: Where is Telecom Heading ?" in a Paper delivered in PABX Value Added Systems, 
October 20-21, 1993 
The survey concluded that ATM solves a number of problems for customers that 
no currently available technology can solve. Competing offerings to ATM in the 
corporate customer premises (e.g., FDDI, high speed Ethernet) may be able to 
offer the necessary high speed communications but do not scale weU for use in 
the wide area.^^ 
Each ATM cell can be independendy addressed to a destination. In high-speed 
switching systems, use of a fDced length cell allows deterministic pipe lining of 
functions thus enabling simpler implementations and predictable system 
behaviour. Permitting each cell to be addressed to a different destination allows 
the allocation of bandwidth as required. This is accomplished by taking as many 
cells as desired or needed to carry the user information. It is from this property 
that the "asynchronous" nature of ATM is derived, because cells are assigned 
asynchronously to services. Since the cells are of fixed length, they can be 
assigned in a regular and periodic manner to derive a fixed-bandwidth channel. 
Thus, ATM can support both constant bit-rate and variable bit-rate services. 
Telecom Australia is currently moving to implement an Experimental Broadband 
Network (EBN) with the aim of stimulating the market for broadband services 
and gaining operational experience with ATM technology. (Refer to section 4.7 
for a further description of the EBN.) 
4 . 2 ATM Structure 
Figure 8 outlines the structure of an ATM ceU. With ATM, the header is sent 
first. There are two interfaces through which the header varies. There exists a 
User Network Interface (UNI) and a Network Node Interface (NNI). The 
Generic Flow Control (GFC) field exists only at the User Network Interface and 
is concerned with flow control at the customer premises end of the access link. 
The Virtual Channel Identifier (VCI) field is 16 bits wide and is responsible for 
identifying the virtual channel to which a cell belongs within a virtual path. The 
Virtual Path Identifier (VPI) field is 8 bits wide at the User Network Interface, 
and 12 bits at the Network Node Interface. That is, there are two interfaces for 
Rose, S., "Carrier Update: Where is Telecom Heading ?" in a Paper delivered in PABX Value Added Systems, 
October 20-21, 1993, ppl-6 
ATM - one at the customer's premises (CPE - Customer Premises Equipment), 
and one at the network switching node. 
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Figure 8 Structure of an ATM cell. 
The Payload Type (PT) field is 2 bits wide and is used to determine what kind of 
payload (the load that is actually being carried by the cell) is being transmitted. 
With ATM, cells have a field which identifies thek priority. This is generated at 
the customer premises equipment (CPE). Cells in which the Cell Loss Priority 
(CLP) bit is set have a lower priority than cells in which this field is reset. The 
low priority cells are prime candidates for deletion at any point in the network, in 
the event of network congestion. This is the only method by which ATM 
supports network congestion management. 
Crawford, G., "Testing ATM" , Communications International, October 1991, pl32 
Because the header plays such an important role in the management and routing 
of the cell, it needs to be protected. Thus, a Header Error Check (HEC) bit is 
placed at the end of the header. This mechanism can identify bit errors in the 
header and can correct a one-bit header error. The information field of the cell is 
48 bits wide and carries the payload on an ATM system. It is important to note 
that this field is not error-protected by the network. 
The CCITT, in Recommendation 1.121, has indicated a need to employ digital 
information transfer techniques with the greatest possible flexibility in terms of 
bit-rates, network intelligence, connection (switched or unswitched), and mode 
(circuit or packet).^'^ In 1988, Asynchronous Transfer Mode (ATM) was 
selected by the CCITT as the solution for implementing Broadband ISDN. 
A key strength of ATM is its flexibility in coping with the demands of an all-
purpose broadband ISDN and its associated future user applications. ATM can 
support simultaneously a wider variety of services with different information 
transfer rates. 
ATM can emulate either circuit-switching or packet-switching transmission 
modes depending on the service required. For continuous bit-rate transmission, 
ATM wiU emulate circuit-switched conditions, whereas bursty traffic can be 
concentrated by statistical multiplexing. Most information flows wiU have 
balanced bandwidth requirements in each direction. Entertainment distribution 
flows, however, wiU require continuous transmission in one direction alone (for 
example, video distribution and High Definition Television (HDTV).38 
ATM will be implemented at very high speeds (155 Mbps and 622 Mbps). It is 
envisaged that the 155 Mbps rate will cater for virtually all services, such as 
voice, data, fax, CAD/CAM (Computer-Aided Design/ Computer-Aided 
Manufacturing), and file transfer. TV and HDTV (High Definition Television) 
would use 650 Mbps simultaneously. To explain why this has been suggested, a 
thorough understanding of video compression techniques (refer to section 3.5), 
and their associated bandwidth requirements is needed. 
Hairison, B., "Evolution to ATM", Communications International, October, 1991, pl04 
pl05 
It would be useful to see just where ATM fits in the OSI model. Figure 9 below 
shows this relationship. The AAL layer provides the adaptation of service 
information to the ATM cell stream. It appends an AAL header to the upper-layer 
data. This header provides sequencing and class-of-service information which 
provides proper reassembly into upper layer packets, and proper end-station 
connection requirements. The segmentation and reassembly sublayer segments 
the AAL packet into cells. 
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Figure 9 ATM in the OSI modeL 
A five byte ATM header is appended to each 48 byte payload handed down by the 
adaptation layer. This header provides the connection information that is utilised 
by ATM switches. All routing of cells takes place at this layer. This is known as 
the ATM layer. The Physical layer provides the bit-level transport facilities for 
cells. It encodes the information and provides transport of cells via a physical 
layer specification (e.g., SDH) 
39 Nielson, J., "What is ATM ?" in Paper delivered at ATM'93, November 15-16, 1993 
For a more detailed technical explanation of the operation and functions of ATM, 
see Beadle (1992)40, Fist (1992)41 and Harrison (1991) 42 
4 . 3 The Difference Between ATM and Shared Media Networks 
The primary differences between ATM and shared media networks such as 
Ethernet, FDDI and Token Ring are its use of dedicated media, its fixed cell 
length, and its connection-oriented nature. 
The first difference is that ATM uses dedicated media connections running in 
parallel. Shared-media networks are inherentiy serial. Users on an Ethemet 
network, for example, must contend for one data pipe, wait for an opening, and 
then send their transmissions. This means that only one network transmission can 
take place at a time. 
The result of the serial nature of shared media LANs is that the average 
bandwidth available to each user declines with each additional user. If one user is 
using a 10 Mbps Ethernet network, that user's average available bandwidth is 10 
Mbps. If 10 users are on that same Ethemet, that average drops to 1 Mbps, and 
so on. 
ATM supplies each user with a dedicated media connection to a switch. These 
switches permit many of these dedicated media connections to run in parallel. 
This means that multiple conversations may take place simultaneously through a 
single switch. ATM switches may, in turn, be connected togetiier to form 
networks. Again, many connections can run in parallel, allowing multiple 
conversations to take place over multiple patiis throughout the network, all at the 
same time.43 
40 Beadle, H.W. P., "B-ISDN CPE Architecture and Distributed Systems", in Proceedings of The 
Australian Broadband Switching Services Symposium, (AOTC Limited, Melbourne, July 15-17, 
1992) 
41 Fist, S., "Making The Switch To Asynchronous Transfer Mode", Australian Communications, 
November 1992, p22 
42 Harrison, B., "Evolution to ATM", Communications International, October, 1991, pl05 
Nielson, J., "Understanding the Latest in Product Development and Roll-Out", in Paper delivered at 
ATM'93, November 15-16, 1993 
The arithmetic of decreasing average available bandwidth as the number of 
stations increases, which is unavoidable in shared-media LANs, does not apply 
to ATM. In an ATM network, adding more users does not necessarily decrease 
the average bandwidth available to connections on the network. The maximum 
bandwidth and the average bandwidth per connection are the same: 155 Mbps in 
the case of today's ATM, scalable to 622 Mbps and beyond in the future. 
In shared-media networks, end-nodes take the variable-length packets handed to 
them by upper-layer protocols, append headers and trailers, and send the data on 
the network in the form of variable-length frames. In an ATM network, end-
nodes take the variable-length packets handed to them by upper-layer protocols 
and map these packets into fixed-length cells - a 5 byte header followed by a 48 
byte payload. These cells are then transmitted on the ATM network. The original 
data in the packet is reassembled at the destination by concatenating the cell 
payloads.44 
The third difference between shared-media networks and ATM is that ATM is 
connection-oriented. In connectionless, shared media LANs, sufficient 
information to route a packet to its destination must be included in the header of 
each packet. With ATM, communications are accomplished by first setting up a 
virtual channel between the sender and the receiver(s) and then sending the 
information. This set-up process establishes the route from source to destination. 
Therefore, there is no need to repeat complex routing information in each cell. 
This is analogous to making a telephone call. First, the address (i.e., the 
telephone number) is sent through the network, establishing the connection. 
Then, information is communicated (i.e., the conversation takes place) over the 
pre-established path through the network.45 
Nielson, J., "Understanding the Latest in Product Development and Roll-Out", in Paper delivered at 
ATM'93, November 15-16, 1993 
45 Ibid., p7 
4.4 Advantages and Disadvantages of ATM 
Asynchronous Transfer Mode is still in its infancy. It promises a multitude of 
benefits which, in theory at least, will revolutionalise the telecommunications 
industry. Among the advantages of ATM are: 
• It is flexible, handling bandwidths from the narrowest to the widest, with no 
preferred bandwidth 
• It can handle dynamically changing bandwidth demands 
• It can make efficient use of the available bandwidth subject to the dynamic 
nature of all virtual channels sharing a link 
• It is able to provide multimedia support at gigabit speeds 
• It has long-term scalability 
By adopting the frame relay approach of not using positive acknowledgement 
procedures, cell relay techniques have moved from variable length packets to 
fixed length packets. Because of this, delay and "jitter" in the network is much 
lower and more predictable as the problem of being in a queue behind a large 
packet from a specific data-stream is removed.^^ Just like a circuit-switched 
network, it is possible to guarantee bandwidth at low levels of delay and jitter by 
ensuring that cells from a specified data-stream occur at regular intervals in the 
cell stream. 
The switching function of ATM may be moved from software into hardware 
through the use of fixed length cells; this dramatically increases the switching 
speeds. Current circuit-switched networks can support speeds up to 64 Kbps and 
packet-switched networks can support speeds up to 34 Mbps. ATM can support 
speeds of hundreds of Megabits per second, and there is no reason why it could 
not, in the future, support speeds of Gigabits per second. 
^^ Well, D "Asynchronous Transfer Mode: The Future For WANs and LANs", Telecommunications, 
December 1992, p41 
Therefore, ATM provides the benefits of both circuit- and packet-switched 
networks allowing all types of traffic to be integrated onto a single network 
By carrying all traffic on a single network with a single protocol, it is much easier 
to mix different types of traffic as part of a single service. ATM thus offers the 
possibility for future multimedia services delivering high-quality sound and video 
along with data over a single network. 
ATM supports the concept of virtual work-groups. This means that people who 
work in the same organisation no longer need to be physically co-located. Rather, 
they can be geographically dispersed and still communicate with each other and 
access shared resources, as if all the people and resources were in the same 
location. 
ATM offers a high performance/price ratio. ATM's switching function lends itself 
to cost-effective implementation in custom integrated circuits. Using an ATM 
switch architecture that is highly parallel means that large switches can be formed 
from arrays of these switching integrated circuits. This translates into a low cost-
per-port for network users while maintaining high switch performance.^^ 
Private media LANs such as ATM offer increased security. FDDI, Token Ring 
and other shared-media networks are broadcast in nature: every transmission goes 
past every node, so it is fairly easy to tap the network for unauthorised snooping. 
Because of its use of dedicated channels, ATM is not a broadcast network. On an 
ATM network, all data travels directly to the destination node or nodes without 
being seen by other nodes on the network. For applications requiring high 
degrees of security, this feature alone may be enough to justify the move to ATM 
n e t w o r k s . 4 ^ 
However, there are aspects of ATM that need careful scrutiny: 
• There is no guarantee that cells will not be lost owing to congestion in the 
network, even though a minimum probabiUty of cell loss can be guaranteed. 
47 Well, D "Asynchronous Transfer Mode: The Future For WANs and LANs", Telecommunications, December 1992, 
p41 
^^ Nielson, J., "Understanding the Latest in Product Development and Roll-Out", in Paper delivered at 
ATM'93, November 15-16, 1993 
Ibid., plO 
• Cells are subject to variable delay through the network owing to queuing at the 
switching points - this could affect the quality of service as cells may arrive too 
late to be of any use.^^ 
Due to the absence of a congestion management system, ATM will suffer at 
the hands of sceptics. Quality of service (QOS) is one of the most important 
features that users demand, and with the QOS being affected by the above two 
points, the deployment of public ATM may be delayed until measures are 
undertaken to control (and improve) the quality of service provided. 
Many vendors are already announcing that ATM products will be ready within the 
next 12 to 24 months from February 1994. But most first-to-market ATM 
products will be based upon proprietary technology, due to a lack of ATM 
standards and available public ATM services. To accommodate the lack of 
standards while being first to market ATM products, some LAN and WAN 
vendors are conducting joint agreements to offer users proprietary solutions to 
handle interoperability between applications across all platforms. However, once 
ATM becomes standardised, there is no assurance that first-to-market ATM 
products will operate with other vendors' equipment. Thus, early adopters of 
ATM technology run the risk of retaining multiple proprietary networks that are 
unable to communicate with one another. 
ATM's small firame size, which makes it ideal for the WAN environment, poses a 
disadvantage in the LAN environment. Heavy file-transfers characteristic on 
LANs require large packet sizes, which means that a high percentage of ATM 
transmissions will not be user data but overhead. As a result, data 
communications on ATM will travel a shorter distance or cost network managers 
more money.^^ 
Some of the groundwork has been completed for the introduction of public ATM, 
but much more remains to be done. As specified by the CCITT, the ATM 
standards define a five-byte cell header. Missing fi-om this header are signalling 
and call set-up definitions, and other network management functions such as flow 
control, billing, and most importantly, congestion management. Without these 
Crawford, G., "Testing ATM", Communications International, October 1991, pl33 
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capabilities, ATM switches have no standard way to communicate with one 
another. 
The lack of networked standards and congestion management, and the relative 
non-availability of ATM services, are major hindrances to the deployment of 
public ATM infrastructure. The CCITT and the ATM Forum are currentiy 
working at resolving tiie networking standards so desperately needed in order to 
make ATM common on all platforms. The end result without standards would be 
the same as occurred with ISDN - proprietary ISDN "islands" that cannot be 
interconnected. 
4 .5 Motivations for Deploying ATM 
The demand for ATM in the United States has been overwhelming. Usually two 
years ahead of developments in Europe, there is already a big demand for ATM 
which is expected to reach a critical mass early in 1994. This should serve as an 
indicator of when to expect ATM to take off in Europe. In the UK, it is business 
broadband services that are in demand, and presentiy there is no discemible 
demand for public ATM in mainland Europe.^^ 
In November 1992, British Telecom (BT), Deutsch Bundespost Telekom (DBP 
Telekom - Germany), France Telecom, STET & IRITEL Gtaly), and Telefònica 
(Spain) signed a Memorandum of Understanding (MoU) for undertaking an ATM 
pilot project. In March 1993, seven others signed: Belgacom (Belgium), PTT 
Telecom Netherland, Telecom Finland, Norwegian Telecom, Telefones de Lisboa 
e Porto (Portugal), Televerket and Swiss Telecom. Other countries are expressing 
an interest. 
The pilot network is to be installed by mid 1994 and will interconnect the research 
establishments of the operators listed above, and ATM pilot users.̂ ^ As can be 
seen, Europe is addressing the issue of ATM. Demand for broadband services 
through ATM is being expressed. 
Johnson, J., "ATM: A Dream Come True ?" Australian Communications, July, 1992, p32 
Wittering, S., "Europe Delays On ATM Migration", Communications International, July 1993, p40 
54 Ibid., p42 
55 Ibid. 
Many experts consider ATM to be the enabling technology for several real-life 
applications. According to Sammartino (1993) the following will be enabled by 
A™:56 
Homogenous Enterprise Networks: ATM could be used to create a truly homogeneous network across a wide area. ATM could be used equally as a local area network, a campus backbone, a metropolitan network, a wide area network, or a combination of aU of the above. It is conceivable that by the end of the decade, large enterprise networks will be primarily ATM-based, with one infrastructure that spans the entire enterprise. 
Virtual Work Groups: With ATM as the core fabric of an enterprise network, remote users may belong to the same work group without noticing any impact of the geographic expanse while communicating with members of the same work group. The physical limitations of today's networks will disappear and the network wiU become transparent for remote applications. 
Collaborative Development: For example, engineering departments in the USA, UK and France can work jointly on a new design specification, using a document conferencing application over an ATM network. The document could be a simple text or a complex document consisting of a combination of text, high-resolution graphics, voice annotations and video-clips. The benefits include better design, increased productivity, and quicker time-to-market. 
Bandwidth Intensive Distributed Computing: With the popularity of client-server computing and the rapidly increasing number of servers, there wiU be a need for higher bandwidth. With the scalability of ATM, bandwidth in the network could be increased by adding access ports to the switching fabric or by increasing the speed of some of the ports. When 155 Mbps to a server becomes a bottleneck, a 622 Mbps interface could be added to the fabric without impacting the rest of the network. The benefit would be protection of investment in the networking infrastructure. 
Multi-Window Desktop Video-Conferencing: An ATM network could provide a cost-effective and high quality transport for multiple types of information. For example, a team of executives could review business plans of a new product, a team of scientists could review the results of a new experiment, or a team of doctors could diagnose a patient in a remote clinic. The information could be a complex document; a real-time, full-motion video of a scientific experiment; or a combmation of X-rays, cardiograms and CT-scan images. The benefits would be reduced travel, better utilisation of expensive resources, and communication superior to audio conference. 
Sammartino, F., "ATM: The Future of Networking", Data Communications, October 1992, ppl27-128 
Modern networks have become complex aggregations of many dissimilar devices, 
strung together in rather tenuous ways. Today's network architectures consistently 
require augmentation with yet another new technology or device. It would be more 
efficient if we could accommodate new requirements by adding the same kinds of 
building blocks again and again; ATM nicely fits this building block role. It is an 
inherentiy simple technology that can scale well without increased complexity and it 
is easy to add bandwidth and switching capacity to ATM networks. Because it is 
not confined to a particular transmission medium, geographical limitations are non-
existent This simplicity makes for easier configuration, network engineering, 
management and growth. And because ATM is a recognised standard, it offers the 
benefits of broad market and vendor acceptance. 
An organisation's network architecture includes both LAN and WAN 
requirements; to date, it has been impossible to create a common fabric for both 
environments. However, ATM represents both the technology being used for 
advanced carrier services like BISDN and the next generation LAN structures for 
work groups and campus backbones. By using the same technology for a 
network within the building as that being deployed in the public network, a more 
natural seamless network structure can be created. This yields lower complexity, 
lower cost, and a more predictable, reliable networking overall. 
The fundamental factor driving the explosion of bandwidth and performance 
requirements in the LAN is the ever decreasing cost of processing at the desktop. 
This processing power unlocks bandwidth-intensive applications such as image 
processing, graphical windowing systems, multimedia, client-server, and real-
time systems. 
4.6 ATM Network Introduction 
Initially, ATM's most likely use will be to provide "backbone" services for 
private Wide Area Networks (WANs) and Local Area Networks (LANs). In this 
role, ATM is acting as a carrier for existing network services and protocols, so 
the change will be transparent to the users. This is important; if ATM is to be 
deployed, it MUST be transparent to the user. The user community has invested 
large capital outiays in the existing infrastructure. It is not likely to throw that 
investment away for a new technology, when the existing technology meets its 
requirements. Once these backbone services have been established, the next step 
is to extend the links to major business centres to form national and global high-
speed networks. 
Telecom Australia announced that it will introduce an experimental ATM network 
towards the end of 1994, with switches in Sydney, Melbourne, Canberra and 
Brisbane. It appears that Telecom will be putting an ATM switch in each of the 
four Eastern capitals and connecting the main links (Sydney/Canberra/ 
Melboume) by SDH at 155 Mbps - which is the standard STM-1 data rate. The 
other section (Sydney/Brisbane) will be linked at 34 Mbps using the stock-
standard PDH (Plesiochronous Digital Hierarchy) inter-exchange transport 
system. Companies can have access to the mainstream link at up to 130 Mbps 
(provided no one else is using it), and through Brisbane at 30 Mbps.^ 
Table 4 shows the roll-out strategy for ATM. This table was produced by Alcatel 
Australia at the ATM'93 Conference in Sydney on November 15-16, 1993. 
While it is the view of Alcatel Australia only, it does concur with the published 
predictions of other service providers in regard to the deployment of ATM. It also 
appears to concur with the predictions of European and Japanese carriers 
regarding the implementation of optical fibre capacity. We are already noticing the 
first ATM services such as client-server architectures and ATM trials. Presently, 
ATM uses permanent virtual channels; however, by the year 1996, we should 
have switched virtual channels allowing broader flexibility with ATM. Public 
network rollout of ATM in Australia is not anticipated until the year 2000. By 
then, multimedia will be expanded from its current narrow definition and we will 
see video-on-demand as part of everyday life. By the year 2010, the technology 
should have matured and become stable. 
The way that ATM affects the telecommunications carriers, though, is a major bone 
of contention. To make ATM services viable, there must be a new generation of 
multimedia services that can make use of the bandwidth-on-demand aspect of the 
technology. On a per-bit basis, these services have to be tariffed far below their 
current equivalent services, i.e., X.25, leased line, frame relay, etc. But any 
services thus tariffed will tend to cannibalise the existing carrier revenue streams. 
This, through a period of competition and regulation, will limit telecommunication 
carriers' scope to protectively structure their offerings and revenue base. In many 
cases, if a carrier does not offer cheaper bandwidth, a competitive carrier will.^^ 
^^ Fist, S., "Telecom Signals ATM Start", Australian Communications, October 1993, p39 
^^ Scales, L, "ATM's Low Delay", Communications International, December 1993, p7 
TABLE 4 ATM ROLL-OUT STRATEGY 
Period Subscriber 
Type 
Service ATM 
Network 
Features 
Introduction 
1993-1994 
Large Business 
R&D 
• Client-Server 
• Interconnectivity 
• High Speed Data 
• Distributed Processing 
• Trial Networks/ 
Applications 
Semi-permanent 
connections 
Service 
Integration 
1994-1996 
Business • Voice/Data 
• Hubbing 
• Broadban4/Narrowband 
Internetworking 
Switched 
connections 
Public Network 
Rollout 
1996-2000 
Residential • Multimedia 
• Video Entertainment/ 
Pay TV 
Integrated SDH 
Maturity 
2000-2010 
• IntCTactive and 
Distributed Broadband 
Services 
Single public 
ATM network 
backbone 
capacity 
Source: Ziechnew (1993)^9 
The method by which this new service infrastructure is deployed will most likely 
be through optical fibre. However, to be successful, it is essential to introduce 
this network not only to the business community but also to the public. Optical 
fibre will be dealt with in Chapter 5. 
^^ Ziechnew, F., "Understanding the latest in Product Development and Rollout for ATM Networks", in Paper 
delivered at ATM'93, November 15-16, 1993 
4.7 ATM Trials 
There are no official ATM trials in Australia (February 1994) as yet, although 
Telecom Australia are planning an Experimental Broadband Network (EBN) 
which will be based upon ATM switching. 
The University of Wollongong recently purchased a SynOptics LattisCell Switch 
10104 ATM switch, marking SynOptic's first ATM sale in the Southem 
Hemisphere .The switch will be used by the University's Advanced 
Telecommunications Research Program team for teaching, research and intemal 
applications. This switch will provide the University with an experimental 
network, which will be used to test the viability of other network apphcations -
both in laboratory and real-life settings. In addition to research apphcations, one 
practical application for the technology will be the conversion of the university's 
central lecture block to a communications centre, providing multimedia 
capabilities and a television studio that will produce taped lectures for distance-
education students. The communications centre will act as a hub for conveying 
lecture material between the lecture theatre and the TV studio, as well as to other 
lecture rooms and, ultimately, to the campuses of other universities. 
In Europe, RACE (Research and Development in Advanced Communications 
Technologies in Europe) have signed a Memorandum of Understanding (MoU) 
incorporating 17 Public Network Operators (PNOs) in 15 countries. The main 
objectives of this pilot trial are to evaluate the ability of ATM to support 
benchmark services internationally, such as frame relay, SMDS and constant bit-
rate circuit emulation. Another objective is to foster experiments aimed at 
developing multimedia communications, support of variable bit-rate on ATM, and 
dynamic resources and bandwidth allocations.^^ 
As mentioned above, Telecom Australia has decided to establish an Experimental 
Broadband Network (EBN) based on ATM and BISDN technology and 
standards. The focus of the EBN is to provide a platform for co-operative 
development of applications that take advantage of ATM capabilities. It is planned 
to have the EBN operational and available for access by the fourth quarter of 
1994. The network will be deployed by Telecom Australia using early 
Anon, "Wollongong University Plugs in ATM", Australian Communications, November 1993, p36 
Verhille, H., "Status of ATM Research and Development and European Trials", in Paper delivered at 
ATM'93, November 15-16, 1993 
commercial ATM switches. A mix of SDH (155 Mbps) and existing 
Plesiochronous Digital Hierarchy (PDH - 34 Mbps) optical fibre transmission 
systems will be used. 
The EBN is to be focused on services, applications and product development R & 
D, on an ATM based public network platform. The aim of the EBN is to facilitate 
and stimulate the development of new telecommunications services and products, 
thereby fostering development of a BISDN services market in Australia. The 
following is an excerpt from a paper by Scott Sutherland of Telecom Australia:^^ 
Potential participants in this trial are: 
• Academic Environments (Universities) • Application Developers (Industry) Other External R&D Centres Govemment Bodies (Defence, CSIRO) Telecom (Telecom Research Labs - TRL) 
The roll-out of the EBN will take place in two phases. The development of Phase I is now in progress and is planned to run for approximately two years from the fourth quarter of 1994. Progression to Phase 11, with additional network features and capabilities, is planned from around mid-1996. 
The Phase I EBN is planned to employ four small ATM switches with 34 Mbps ports for User-Network hiterfaces (UNI) and 155 Mbps ports for Network-Node Interfaces (NNI). 
While initially it is likely that only Permanent Virtual Channels (PVCs) will be supported, it is intended to move as quickly as possible to Switched Virtual Channels (SVCs). 
Phase n of the EBN will incorporate larger ATM switches, extending the coverage and capacity of the network. This phase wiU incorporate signalling for control of switched virtual channels across the User Network Interface. At this latter stage, the need for the extension to Phase n is to be determined. 
A key group of planned EBN users are based in tertiary education and research institutions and collectively known as the Research Data Network Co-Operative Research Centre (RDN-CRC). The RDN-CRC, with Federal Govemment and industry funding, will make use of Telecom's EBN for R&D activities relating to advanced broadband telecommunications networks, services and applications. 
62 Sutherland, S., "ATM From a Carrier Viewpoint", in P^er delivered at ATM'93, November 15-16, 1993, 
Australia 
Promising broadband application areas and candidates for use of the 
EBN by the RDN-CRC and other users include: 
• LAN/MAN networking 
• Multimedia, including interactive video database retrieval, video-on-
demand/video dial tone for business and entertainment uses 
• Visualisation aids to specialists, including medical imaging, 
engineering design and scientific research in general 
• High quality image transfer for the primary information sector 
• Supercomputing networks, including access to supercomputers, load 
sharing and disaster recovery. 
The Australian Federal Government allocated $1 million in the 1993-1994 Budget for a 
study into the development of an optical fibre network in Australia. Communications 
Minister, David Beddall, announced a "Communications Futures" project, to focus on 
market responses to technology options and the implications for regulation. The 
Minister told a Communications Research Forum at the Australian National University 
that the study would be an ongoing study by the Bureau of Transport and 
Communications Economics (BTCE) on the economics of the convergence between 
broadcasting and telecommunications. The study will be funded with resources already 
allocated to the BTCE.63 
The important point here is the significance of the Australian Government's decision to 
allocate funds for the research and development of an optical fibre network. The 
interplay of Broadband ISDN, ATM and optical fibre will be crucial to the development 
of broadband networks, and because the Australian Govemment recognises this, 
Australia will be well placed to implement broadband services in the near future. 
Comer, S., "National Fibre Study Funded as TV Gets Active", Australian Communications, October 1993, p21 
CHAPTER 5 
TECHNICAL ASPECTS OF OPTICAL FIBRE 
5.1 Introduction 
Optical fibre is the newest medium for the transmission of data, voice, and 
images over a continuous line. Instead of carrying telecommunications signals in 
the conventional electronic format, this medium uses high-speed streams of light 
pulses that carry encoded information inside strands of glass called optical fibres. 
These fibres are around 2-125|Lim (micrometre - 1 x 10-6) thick. Once the signal 
has reached its destination, solid-state electronics then reconvert these signals 
from light pulses back into electrical signals so that they may be processed by 
conventional computers. One of the main advantages of optical fibre is that huge 
amounts of data may be carried over a single strand of fibre. This capacity makes 
it an ideal system for the simultaneous transmission of voice, data, and image 
signals. 
5 . 2 Transmission Characteristics 
An optical fibre cable has a cylindrical shape and consists of three concentric 
sections: the core, the cladding, and the jacket (see Figure 10). The core is the 
innermost section and consists of one or more very thin strands, or fibres, made 
of glass or plastic. Each fibre is surrounded by its own cladding, a glass or 
plastic coating that has optical properties different from those of the core. The 
outermost layer, surrounding one or a bundle of cladded fibres, is the jacket. 
The jacket is composed of plastic and other material layers to protect against 
moisture, abrasion, crushing, and other environmental dangers. 
Data are placed on the cable with a light source. This light source may be either a 
light emitting diode (LED) or a laser. The laser is more powerful and is 
used when the distance between the transmitter and the receiver is greater than 10 
to 20 kilometres. The light stays in the core because the cladding has a low 
refi-active index. When the light beam hits the edge of the core, it is reflected back 
toward the centre by the cladding's mirror-like surface. The light output is 
modulated to provide the variations in the signal that can be interpreted at the 
receiving end. Without special techniques, a fibre carries a signal in one direction 
only, so fibres are normally used in pairs.^ 
Electrical 
Signal 
Cladding Electrical 
Signal 
Light Source 
Source: StaUings (1990)^5 
Core Light Detector 
Figure 10 Internals of an optical fibre. 
5.3 Optical Amplification 
The greatest change in the history of the optical fibre cable - optical amplification 
has come about in the last eight years. Before the advent of the 'erbium doped 
optical fibre', it was not possible to overcome fibre attenuation by direct 
amplification. This meant that it was necessary for the light to be converted first 
into electrical signals, then amplified conventionally and re-converted to light for 
onward transmission. 
One of the real benefits of optical amplification is the considerable increase in 
repeaterless transmission distances, which have allowed enormous flexibility in 
the building and upgrading of transmission networks. Not only do fewer, or 
indeed no, repeaters need to be installed, thereby simplifying installation, fault 
location, and repair, but the inherent bandwidth of the EDFA (Erbium Doped 
Fibre Amplifier) makes a network insensitive to the transmission bit-rate. This 
means that underwater optical fibre systems can be upgraded in capacity without 
the need to replace cable and repeaters.^^ 
Rowe, Stanford H., Business Data Communications, Second Edition, (Maxwell-Macmillan International 
Editions, 1991), p304 
StaUings, W., Business Data Communications, (Maxwell-Macmillan, New York, 1990), pl58 
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5.4 Fibre Distributed Data Interface (FDDI) 
It is beyond the scope of this report to deal fully with the topic of Fibre 
Distributed Data Interface. However, it is miportant to "comprehend" each topic 
in order to gain a firm understanding of optical fibre technology. 
FDDI began as a campus backbone that interconnected different buildings. It then 
became a building backbone that interconnected LANs throughout a building. It 
has now moved to the desktop. 
It is a token-passing ring network that uses optical fibre technology to reach 
transmission speeds of 100 Mbps. Two classes of device operate on an FDDI 
network: Class "A" devices are hubs, concentrators, servers and other equipment 
with dual attachments to the FDDI ring; Class "B" devices have a single network 
attachment and consist of workstations, printers, and other nodes. An FDDI ring 
can be as large as 100 kilometres, with two kilometres between nodes. 
FDDI enables network managers to accommodate users' needs for increased 
bandwidth, while planning for a sound migration strategy toward standardised 
ATM communications. The question, though, is whether to commit to an 
established standard/technology (FDDI) or wait for the technology that wiU 
enable communications far superior to FDDI (ATM) ? 
5 .5 Fibre-to-the-Home (FTTH)/Fibre-to-the-Curb (FTTC) 
Fibre-to-the-Home (FTTH) is the connecting of residential customers to the 
exchange with optical fibre links. Optical fibre terminates at the Customer Unit 
attached to the premises. Fibre-to-the-Curb (FTTC) is providing optical fibre 
links fi-om the exchange to a curb-side unit, from which a number of customers 
are connected via copper cables. FTTH is more expensive than FTTC as each 
customer requires a Customer Unit that converts the light signal to electrical 
signal. FTTC allows the cost of a street-side Remote Unit to be shared by a 
number of customers. 
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Services that may be provided through FTTH/FTTC include interactive and 
educational services, home shopping and banking, the capability of providing 
200 channels of cable-delivered television, centralised security systems, home-
printed electronic newspapers, etc. Figure 11 displays a list of possible 
broadband apphcations that may be available to the home over an optical fibre 
network. 
Network TV 
Cable TV 
Local TV 
Movie Libraries 
Interactive Education 
Private Video Services 
High Speed PC Communications 
Music on Demand 
Interactive Infomercials/Home 
Shopping 
Switched 
Broadband 
Network 
Home 
Source: Sammartino (1993)^^ 
Figure 11 Sample broadband applications to the home. 
Telecom Australia have conservatively estimated that "by 1994, optical fibre will 
be within 700 metres of 60% of homes in all capital cities except for Hobart and 
D a r w i n " . 6 9 Optus Communications, on the other hand, expect 80% of Australian 
homes to have some sort of fibre connection about the year 2010. This estimate is 
in line with other major national estimates: for example, Japan 2010, Europe 
2015, and the United States 2020.^0 
68 Sammartino, F., "Keynote Address: The ATM Forum", in Paper delivered at ATM'93, November 15-16, 
1993 
69 Fist, S., "A Welter Of Wired-Up Predictions", Australian Communications, 1993, p61 
'^^Ibid. 
But already in 1993, the only evidence of FTTH has been advertising by both 
carriers in Australia that they are 'wiring up' Australia with fibre optic cables, and 
this is only between capital cities. Any change in direction by a telecommunications 
carrier will take around a decade to implement - and fibre optics are a significant 
change in direction from the current coaxial/copper wire cabling system. 
The point here is, does the market really require optical fibre capacity to each 
household ? Does the average consumer require the capability of sending and 
receiving Gigabits of data per second ? And will they pay for a whole host of 
new digital-based equipment to supplement this new infrastructure ? The answer 
to that question is twofold. Firstly, and most importantly, it will depend upon 
how this new infrastructure is marketed by the carriers and what price the 
consumer wiU have to pay for new equipment. 
The second answer is that it will depend upon the generation of consumers at 
whom the technology is aimed. Today's children (tomorrow's adults) are brought 
up to believe that computers (and their applications) are just a part of life and not 
some new exciting technology, as it appeared to the previous generation. Hence, 
the upcoming generation will expect and demand that a new, more powerful 
infrastructure exists. This infrastructure is most likely to be based on optical 
fibre. 
5-6 Applications 
The continuing improvements in performance and decline in process, together 
with the inherent advantages of optical fibre, have resulted in new areas of 
application, such as local area networks and video distribution. Five basic 
categories of application have become important for optical fibre. Stallings (1990) 
describes these as follows:^^ 
- Long-haul trunks 
- Metropolitan trunks 
- Rural exchange trunks 
- Local loops 
- Local-area networks 
71 Stallings, W., Business Data Communications (Maxwell-Macmillan, New York, 1990), pl61 
Long-haul fibre transmission systems average around 1500 
kilometres in length and offer high capacity (typically around 20,000 to 
60,000 voice channels). These systems compete economically with 
microwave in many developed economies where coaxial cable is rapidly 
being phased out of the telephone network. 
Metropolitan trunking circuits have an average length of 12.5 
kilometres and may have as many as 100,000 voice channels in a trunk 
group. Most facilities are installed in underground conduits and are 
repeaterless, joining telephone exchanges in a metropolitan or city area. 
Rural exchange trunks have circuit lengths ranging from 40 to 160 
kilometres and link towns and villages in the United States. They often 
connect the exchanges of different telephone companies. Most of these 
systems have fewer than 5,000 voice channels. 
Local loop circuits are fibres that run directly from the central 
exchange to the subscriber. These facilities are beginning to displace 
twisted pair and coaxial cable links as the telephone networks evolve 
into fuU-service networks capable of handling not only voice and data, 
but also image and video. The initial penetration wiU be to the business 
subscriber but fibre transmission to the home will soon begin to appear. 
An increasingly important application for optic fibre is for local area 
networks. Recently, standards have been developed and products 
introduced for optical fibre networks that have a total capacity of over 
100 Mbps and can support hundreds or even thousands of stations in a 
large office building or a complex of buildings. 
In fact, trial networks such as Telecom Australia's EBN are using Asynchronous 
Transfer Mode (refer to section 4.7) as the switching technology behind the push 
for broadband. Optical fibre is the medium by which asynchronous transfer mode 
will drive broadband applications. There is a demand expressed for higher 
capacity, and current twisted pair and coaxial cable cannot satisfy this demand. 
Only optical fibre may provide bandwidth-on-demand that will suffice to meet the 
requirements of the high end user. In short, ATM is the engine by which 
broadband will be provided through the medium of optical fibre. 
There are claims by computer service providers about a new technology that will 
revolutionalise the telecommunications industry. Oracle, the world's second 
biggest computer software company, has been working on a copper wire 
technology known as Asymmetrical Digital Subscriber Line (ADSL). This key 
development is claimed to send video and other signals down existing copper 
wire phone networks. If this claim is upheld, then it could prove to be a huge 
advantage to the major telecommunications carriers who have large copper wire 
investments already in the ground. 
Growing pressure from cable TV operators has forced telecommunications 
carriers to invest billions of dollars in laying underground optical fibre cables in 
order to compete. ADSL would provide telecommunications carriers with a 
technology that would enable them to provide, in the short term, lower-end 
broadband services. The network infrastructure akeady exists, and this 
technology would allow the carriers to provide low-end multimedia services to 
the residential areas much sooner than they anticipated via an optical fibre 
infrastructure. 
Gerry Moriarty, Telecom Australia's Managing Director, Network Products, has 
stated that "We see ADSL as part of our mix of technologies. We intend to go 
ahead with both ADSL and our broadband and coaxial cable and fibre optic 
networks".'^^ This indicates that ADSL will be used as a stepping stone toward a 
cost-effective migration plan from copper to fibre. (For an analysis of ADSL, 
refer to Stewart [19931.73) 
5.7 Current Optical Fibre Installations in Australia 
In October 1983, Telecom Australia adopted a policy of using optical fibre 
transmission systems in the inter-exchange network. During 1984, a strategic 
plan for the longer term development of the inter-capital trunk network was 
prepared. A feature of this plan was the extensive use of single-mode optical fibre 
cable systems. By 1990, most of the existing major broadband routes were 
overlaid by new digital systems. The timing and degree of protection have been 
advanced to the stage where all mainland capital cities have a second optical fibre 
cable.^^ 
In 1988, Telecom announced its strategic intention of deploying optical fibre in 
the Access Network with a view of achieving a 60% potential connectivity to 
broadband capability by the end of 1994.̂ 5 Connectivity is defined as telephone 
exchange areas with clusters of approximately 500 customers, termed Fibre 
Furness, M., "Telecom eyes Oracle's copper wire technology", The Australian, Wednesday, January 19, 
1994, p31 
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Rose, S., "Carrier Update: Where is Telecom Heading ?" in Paper delivered in PABX Value Added Systems, 
October 20-21, 1993 
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Serving Areas. Fibre Serving Areas that have a fibre presence are considered to 
have potential connectivity to broadband capability. 
Over the last eighteen months, Optus Communications has been building a 
completely independent optical fibre network within the Central Business 
Districts of the mainland capitals, as well as between them. By 1997, the national 
network will stretch from Cairns right around to Perth, with CBD cable schemes 
in Brisbane, Sydney, Canberra, Melboume, Adelaide and Perth.^^ 
5.8 The Future For Optical Fibre 
Much of the development work on optical fibre will be carried out within the local 
loop. The movement toward broadband services and their delivery to the home is 
becoming a reality as the cost of fibre and related components of broadband 
systems fall. 
Cable networks have grown rapidly over the last few years, and this trend will 
continue with the evolution of dual networks including telephony and voice. One 
of the more common needs of the local or access networks will be for broadband 
services such as High Definition Television (HDTV), BISDN, or high bit-rate 
services. At present, take-up of these services is slow, limited mainly by existing 
infrastructure but also by customer interests. However, industry observers 
believe that digital transmission will become a part of everyday life in the future. 
It is a case of not knowing what to expect. The customer does not have the 
service available, and hence cannot make a judgement as to whether they could 
use it or not. Until the services are available and accessible, demand for them will 
be slow. For example, the initial acceptance of the Video Cassette Recorder 
(VCR) was slow - now it forms a part of everyday life. 
The local network of the future will most likely be based on optical fibre and will 
be essentially passive. The move away from active components leads to a 
network that is more cost-effective because of the lack of a need for power 
supplies and cable plant, and the fact that installation is simple. 
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As can be seen from Figure 12, the projected total world communication market 
revenues for optical fibre will steadily climb to around $US9.5 billion by the year 
1999. This is revenue gained from services (broadband) via optical fibre, and 
represents a huge market potential. 
Fibre-to-the-Home (FTTH) will bring the convergence of broadcasting, 
computing and telecommunications to reality. For regulators, this means a re-
examination of the largely separate legislative framework for telecommunications, 
broadcasting and radiocommunications. It is important that they act to ensure the 
provision of a broad policy framework that is technology-neutral. 
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Figure 12 Total world fibre optic communication market 
revenue forecasts 
Technical regulation is also a critical area. There will need to be a careful balance 
of administrative and self regulation on several levels. Too much regulation of the 
technical specifications for interfaces and products has the potential to stifle 
innovation and product development. 
^^ Frost & SuUivan, in Australian Communications, November 1993, p28 
There are also public-policy questions about the supply of equipment for a 
national fibre network. The Australian telecommunications market is a relatively 
highly protected one, with considerable government intervention and regulation. 
For example, the supply of customer premises equipment is controlled by 
industry development arrangements, which effectively require most products to 
be made in Australia. 
On the other hand, the supply of computing and broadcasting equipment is 
relatively unregulated, with commensurate benefits in product innovation, 
customer choice and price. Governments will need to decide which of these very 
different regimes will apply in the future, as it will be increasingly difficult to 
segregate these markets. 
If, increasingly, national productivity is to be built around the control, access and 
use of information, then convergence of the technologies in Australia has to be at 
world best practice levels; otherwise, Australian enterprises risk being placed at a 
competitive disadvantage through higher prices. Australia is no longer an 'island 
market'. 
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CHAPTER 6 
THE WOLLONGONG OPTICAL FIBRE TRIAL 
6.1 Introduction 
Fibre trials have been under way since the 1970's. The first FTTH trial was 
conducted by the Japanese Ministry for International Trade and Industry (MITI) 
between 1978 and 1980 near Osaka, Japan: The Hi-Ovis Trial tested the desire of 
home-owners to have interactive video, home fax, etc., over a period of a couple 
of years7^ 
In Australia, the first optical fibre trial is being held by Telecom Australia, in 
Wollongong, New South Wales. The results from this trial will be used for 
further optical fibre trials to be scheduled at later dates. 
6.2 Published Objectives and Schedule of the Wollongong Trial 
Telecom Australia is currently conducting an optical fibre trial in Wollongong, 
NSW, testing analogue Lasercast and digital Laserlink, as well as video-over-
copper.^0 The programme aims to extend optical fibre links closer to residential 
and small business premises. The trial will include a fibre link into the University 
of Wollongong and its telecommunications research centre. 
The Wollongong Trial has two primary goals. According to Frank Blount, Chief 
Executive Officer of Telecom Australia, the first is to "determine the most cost-
efficient method of supplying a standard telephone service to residents over 
optical fibre links" and the second is "to use the trial to gain greater 
understanding of the needs and expectations of customers using optical fibre 
services".^^ The trial will also attempt to answer other questions ranging from 
engineering and customer service issues to legal and regulatory matters. 
Fist, S., "A Welter Of Wired-Up Predictions", Australian Communications, 1993, p66 
^Oibid. 
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In this trial, Telecom Australia is testing a range of delivery methods for advanced 
services, particularly Pay-TV, in order to be able to offer different capabilities to 
different customer segments, according to their needs. The trial will connect 
customers initially to a regular telephone service and a mix of basic and 
broadband ISDN services plus twenty channels of video. 
The trial is based on a passive optical network (PON) architecture between the 
telephone exchange and the customer. With this type of system, a single optical 
fibre feeding from the exchange is spUt up to 32 times using passive optical 
couplers. Figure 13 provides a schematic view of the passive optical network trial 
being held in WoUongong. 
The fibres carry a mix of voice, data and video services. PONs are unique in the 
use of passive optical couplers. The "clever" electronics at either end of the 
system can select individual customer services operating over the same system. 
This means that the cost-per-customer can be reduced because fibres and 
transmission equipment are shared among many customers. 
The trial is becoming a test bed on which Telecom Australia, the University of 
WoUongong, and local industry and service providers can evaluate new service 
delivery capabilities. The control group however, is limited to approximately 200 
sites: 140 residential homes and 60 businesses. The main purpose of the 
WoUongong trial is to determine exactly how much it costs to put fibre-optic 
cable, and aU the associated opto-electronics, to domestic purposes.^^ 
The foUowing was the pubUshed timetable of events for the Telecom AustraUa 
Optical Fibre Trial at WoUongong:^^ 
Cable instaUation - February 1 1993 to end of March 1993 
Bulk Equipment DeUvery - End of AprU 1993 
InstaU Equipment - Start AprU 1993 to end of June 1993 
Commissioning - July 1993 
Comer, S., "It's on in WoUongong", Australian Communications, February, 1993, pl6 
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Figure 13 Proposed passive optical network trial at Wollongong. 
^ ^ Blount, F, "Telecom To Seek Optical Fibre Answers At Wollongong", Telecom Australia Media Release, 
November. 1992 
This trial is one of the first Passive Optical Network (PON) trials that integrates 
video, ISDN Microlink, ISDN Macrolink and telephone services. It carries both 
broadband and two-way narrowband services on a single fibre. It is unique as 
one of the first trials to include both Fibre-To-The-Home (FTTH) and Fibre-To-
The-Curb (FTTC) Access Networks. 
The main benefit is the huge bandwidth capacity available to the customers at an 
affordable price. Passive Optical Network employs optical taps (splitters, 
couplers) to split optical signal power fi:om the exchange unit and provides 
services to more customers with reduced requirements for exchange equipment, 
fibres, splices and cables. 
SUMMARY OF SECTION B 
Section B dealt with the underlying technologies that will bring broadband 
services to fruition. Broadband ISDN (BISDN) as a service area was explained, 
giving sample potential broadband services for future broadband networks. The 
technical nature of BISDN was examined at a high level in order to provide the 
reader with a sufficient technical background to understand the concepts in this 
research. 
Asynchronous Transfer Mode (ATM) was shown to be the essential technology 
for the transmission of broadband services. The technical aspects of ATM were 
detailed, as well as a description of ATM trials in Australia. 
Optical Fibre is the preferred medium for the transmission of broadband services. 
The technical aspects of optical fibre were described, as well as Telecom 
Australia's optical fibre trial in progress at WoUongong, NSW. 
Broadband ISDN is the service, driven by Asynchronous Transfer Mode, over 
the medium of Optical Fibre. These three elements, combined, will deliver 
broadband services to the user. 
SECTION C 
BROADBAND: ROLES of TELECOMMUNICATIONS 
CARRIERS and SERVICE PROVIDERS 
CHAPTER 7 
STRATEGIC COLLABORATIONS 
7.1 Introduction 
An aim of this research is to gauge the extent to which the interests of 
telecommunications carriers in promoting broadband delivery are merging with 
those of their major service providers. Section B outlined the underlying 
technologies of broadband, and this section will discuss how these technologies 
will be delivered. The various forms of organisational collaboration; strategic 
alliances, partnerships and mergers, appear to be on the increase as the interests 
of carriers and service providers converge around broadband delivery. 
The most common forms of collaboration are strategic alliances, partnerships and 
mergers. Traditionally, forming alUances was a second best altemative to 
achieving direct penetration of foreign markets, but now co-operative alliances are 
the premier means of access to new markets. 
Alliances were also used to gain better prices. Now, it is not just discounts on 
prices that are important, but how the strategic directions and capabilities of the 
two organisations are joined in ways that create more revenue for both parties. 
Companies are also finding collaboration to be essential as technology 
development accelerates. They realise that they cannot be expert in everything 
from microelectronics to workstation operating systems to satellite 
communications. In addition, there is the often-cited convergence of computing, 
communications and consumer electronics: the emergence of multimedia 
technology represents a blurring of the lines between these areas. 
7 . 2 Strategic Alliances 
A strategic alliance is "a reasonably long-term inter-firm relationship that is 
intermediate between a merger or acquisition and arms-length market transactions 
and includes substantial contributions by partners of capital, technology or other 
assets". 
This definition highlights a few points critical to the understanding of strategic 
alliances. Alliances are "reasonably long-term", and they are neither an 
acquisition nor a merger. No one equity holder owns the other, but rather, they 
co-exist on mutually agreed terms for a single purpose. 
Traditionally, co-operation has been seen as a second-best alternative to what 
remains the two primary forms of relationships between firms: integration 
(merger or acquisition), or competition (including arms-length contractual links). 
But where firms share objectives and complementary capabilities, their strategic 
goals can be pursued through a blend of internal and extemal approaches. In the 
past, govemment restrictions on market access have been a major reason for 
establishing intemational joint ventures. Nowadays, intemational competition, 
technological interdependence and the complexity and increasing commercial 
importance of innovation are more important reasons. 
The successful alliances of the future may be based on a fluid and flexible model 
known as the "virtual organisation". Virtual organisations will form in response 
to rapidly emerging opportunities as collaborators contribute their best-in-class 
skills in pursuit of a common opportunity. 
Virtual organisations function by linking together the resources of multiple 
organisations including their technology and information. In some cases, the 
virtual organisation may be intentionally short-lived, disbanding after the 
common opportunity has been exploited. In the current business environment, 
large organisations find it difficult to react quickly enough to exploit fast-
changing opportunities, and small, flexible organisations lack the resource base to 
independently exploit big opportunities. As a result, participation in virtual 
organisations will become a survival mechanism for both large and small 
companies. 
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Examples of strategic alliances formed in the early 1990s include: AT&T and 
Viacom Intemational Incorporated, offering a two-way cable system to viewers 
with services such as video-on-demand, multi-player games, home shopping, 
education, information and interactive programming; Time Wamer Cable (TWC), 
New York Telephone (NYNEX) and Liberty Cable TV, offering video services 
via fibre to three large Manhattan apartment buildings serving roughly 2,500 
subscribers; and Scientific Atlanta Inc. (S-A) and Orbit Communications Co. Ltd. 
(OCC) distributmg video programming direct to homes throughout the Middle 
East. 
The head of the biggest software vendor, Microsoft's Bill Gates, has made it no 
secret that his ultimate ambition is to be at the head of a publishing company 
caUed Microsoft. It is predicted that the big money will be made by those 
controlling the content of broadband services, not just its flow via the 
software/hardware. This urge to be at the top of the value chain is also apparent in 
the entertainment industry. The most famous example so far has been Sony's 
purchase of Columbia Pictures. This gives it control of the entertainment software 
- the catalogue of films and music rights which can leverage its control over 
technology formats and distribution methods. 
Strategic alliances play a major role in the decision making of telecommunications 
carriers. They realise that to deliver broadband, alliances must be formed with the 
experts in the software area - service providers. The carriers focus upon the 
delivery medium, and the providers focus upon the services to be offered. 
Together, an integrated plan is formed to deliver broadband services to the 
customer. 
7.3 Partnerships 
A partnership is an association of two or more persons who operate as co-owners 
of a business organisation.^^ Because two or more members of a partnership 
usually have more capital than a sole proprietor, it is possible to bring together 
more resources to make the production of goods and services more efficient than 
could a sole proprietor. 
Brown, J. and H. Wolf, Economics: Principles and Practices (Bell & HoweU, USA, 1971), p42 
Partnerships also bring people with varied levels of expertise together. Forming a 
partnership with members of an organisation who have experience in markets new to 
you will make the chances of success greater than going it alone. Each partner 
provides a part of the capital and shares in the profits on an agreed basis. An example 
of a partnership is the recent agreement signed by MCI Communications Corporation 
with British Telecommunications pic (BT). The companies are forming a partnership 
to provide advanced global communications. 
Partnerships are not as common as strategic alliances for telecommunications 
carriers and service providers. 
7.4 Mergers 
A merger is the absorption of one or more corporations by another. When two 
or more companies merge, one company survives while the other loses their 
corporate identity. A consolidation on the other hand is a combination of two 
or more corporations to form a new organisation which is a composite of the old 
companies. 
In September, 1993, AT&T signed an all-stock merger agreement with McCaw 
Cellular Communications valued at roughly $12.6 billion. Turner Broadcasting 
System Inc acquired New Line Cinema and Castle Rock Entertainment for more 
than $600 million in cash and stock. These are just some examples of mergers 
that have been occurring as the telecommunications industry is being restructured. 
Strategic alliances and mergers are becoming more common as the convergence 
of broadcasting, computing, and telecommunications is increasing. Organisations 
now have to focus upon becoming 'global' in their pursuit of providing 
broadband services. Telecommunications carriers realise that broadband services 
will provide them with revenues far greater than those of today's technology. But 
to take advantage of those services, collaborations with service providers expert 
in providing broadband services must be made. 
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The next chapter describes in detail Australia's telecommunications infrastructure. 
There are two telecommunications carriers, one which is 100% owned by the 
Australian Government (Telecom Australia), and the other which is an example of 
a strategic alliance between multinationals (Optus Communications). Both carriers 
are involved with strategic alliances, and both are heavily investing in the deUvery 
of broadband services. 
CHAPTER 8 
AUSTRALIA'S CARRIERS and SERVICE PROVIDERS 
8.1 Optus Communications 
An example of a strategic alliance is that of Australia's second telecommunications 
carrier, Optus Communications. Two giants of the global telecommunications 
industry, BellSouth and Cable & Wireless, competitors in the telecommunications 
field, have formed an alliance and collectively own 49% of Optus 
Communications (each company owning 24.5% each). The remaining 51% is 
owned by Optus Pty Ltd. The shareholders in Optus Pty Ltd are Mayne Nickless 
Limited (49%), AMP Society (19.6%), National Mutual (11.8%), and AIDC 
Telecommunications Fund Members (19.6%). Optus Pty Ltd is wholly Australian 
owned, thus making Optus Communications a majority Australian owned 
company. 
It should be noted that Optus Communications has chosen to compete only in the 
Long Distance and Intemational land-based telecommunications, as well as in the 
Mobile Communications market. At this stage, there are no definite plans for 
entering the local loop. 
Optus Communications relies on the success and co-operation not only of its 
major shareholders, but also of its service providers. Digital Equipment 
Corporation (DEC) formed a division known as OPCO (Optus Prime Contractor 
Organisation), which together with Optus, have undertaken the development and 
installation of stand-alone, unintegrated Operational Support Systems (OSS) in 
order that Optus could meet its business plan objectives. Optus was required by 
the Australian Government to offer a retail Mobile Service by June 1992, long-
distance voice service by November 1992, a new GSM (Global Standard for 
Mobile) service by April 1993, and directly connected business customers by 
March 1993. 
Appendix n outlines the Optus chain of command. It begins with the Chief 
Executive Officer, Bob Mansfield, and below him, five directors, each in charge 
of a different group within Optus. For this research, representatives from the 
Engineering, Business Development, and Marketing divisions were interviewed. 
8 .2 Telecom Australia (Telstra Corporation) 
Since April 1,1993, Telstra Corporation replaced the previous Australian and 
Overseas Telecommunications Corporation (AOTC), which was established on 
February 1,1992 through the merger of the domestic and international carriers 
Telecom Australia and OTC Ltd. Telstra Corporation trades domestically as 
Telecom Australia and offshore as Telstra. (The Telecom Australia nomenclature 
has been used throughout this report.) 
These changes were put in place as part of a broader corporate identity and livery 
review to make customers, and all others who deal with Telecom, more aware of 
the significant changes taking place within the Corporation. 
Telecom Australia is 100% owned by the Australian Govemment. The 
responsible Minister is the Minister for Communications who represents the 
Govemment as the sole shareholder. 
Under the Board of Directors, Telstra's activities are controlled by the Chief 
Executive Officer. Four Group Managing Directors report to the CEO. Three hold 
overall responsibility for various business activities and the fourth is responsible 
for Finance and Administration. 
An outiine of the organisational hierarchy is provided in Appendix IE. For this 
research, representatives from the Engineering, Business Development, and 
Marketing divisions were interviewed. 
8.3 Service Providers 
A service provider is an organisation that provides services to a 
telecommunications carrier. These services are then delivered to the customer's 
premises. Examples of these forms of service providers include EDS (Electronic 
Data Systems) Pty Limited, Digital Equipment Corporation, IBM, Fujitsu, Alcatel 
Australia, Nokia, Northern Telecom (Nortel), Computer Sciences of Australia 
(CSA), Computer Power Group (CPG), Whitesmiths Australia, Femtree, and 
NEC. 
It is in the best interests of the service providers to produce solutions that reflect 
existmg market demand as well as create new market demand. A point in 
reference is ATM. A consortium of the largest service providers, The ATM 
Forum, was formed to pool ideas and to formulate standards on ATM. 
Organisations such as Sun Corporation, IBM, and others head up the list of 
service providers in the ATM Forum. Consortiums such as the ATM Forum take 
their collaborative power to the telecommunications carriers, who can act upon 
the market intelligence gained by these providers. 
The telecommunications infrastructure being developed is in consultation with the 
service providers who have performed their market research, and have conclusive 
evidence as to what the market requires. This information is then accepted by the 
carriers who use it to develop their broadband networks. 
What broadband is doing is blurring the divisions between the 
telecommunications carrier and the service provider. Telecommunications carriers 
are constructing networks to cope with the bandwidth requirements demanded 
and the service providers are developing the applications to run on these 
networks. Carriers are developing their own services to provide on their own 
network, and service providers, in order to gain increased market share, need to 
reduce their costs in delivering these services. Unlike telecommunications 
carriers, service providers do not have the necessary capital to construct a 
network infrastructure capable of carrying the services that they intend to provide. 
Therefore, alliances between carriers and providers are formed. 
While the telecommunications carriers are concentrating on building the 
infrastructure, service providers are performing market studies intent on realising 
what the customer wants. By sharing the results of these studies, 
telecommunications carriers may then construct the required infrastructure to 
support these demands. It is in the best interests of the service providers to 
influence carriers to construct a network suitable for their needs. 
However, the telecommunications carriers should not construct their networks 
according to an individual service provider's recommendations. They must take 
note of consortiums such as the ATM Forum, and the Open Systems Foundation, 
which represent a multitude of service providers. In this way, 
telecommunications carriers can construct networks capable of supporting 
multiple vendors offerings, moving towards the ideal of one global network 
supporting any service available. 
For this research, EDS, ffiM, NEC, and Alcatel Australia were chosen to be 
interviewed. EDS and IBM were selected for their strength in the provision of 
billing systems to telecommunications carriers, and NEC and Alcatel Australia 
were selected for their strength in the provision of hardware/networking systems 
to the carriers. These areas form the basis for the provision of services to 
customers by telecommunications carriers. 
SUMMARY OF SECTION C 
Section C dealt with the organisational arrangements for the introduction of 
broadband. A description of the various forms of strategic collaborations were 
provided, together with a note on the structures of Australia's two 
telecommunications carriers, Optus Communications and Telstra Corporation 
(Telecom Australia). The nature of Service Providers and the functions they 
perform were briefly outlined, and the rationale for choosing the four service 
providers to be interviewed was given. 
An aim of this research is to gauge the extent to which the interests of 
telecommunications carriers in promoting broadband delivery are merging with 
those of their major service providers. Section B outlined the underlying 
technologies of broadband, and this section described how these technologies 
will be delivered. The various forms of organisational collaboration; strategic 
alliances, parmerships and mergers, appear to be on the increase as the interests 
of carriers and service providers converge around broadband delivery. 
RESEARCH ACTIVITIES - PART TWO 
Obtaining Carrier/Provider Opinions via Semi-Structured 
Interviews 
SECTION D 
REPRESENTATIVE VIEWS of CARRIERS 
and PROVIDERS 
Part 1 Descriptive Research 
The first objective of Part One was to investigate the technologies that enable 
delivery of broadband services. Empirical studies of the nature of broadband 
services outlined the potential demand for them. These studies provided the 
context for the remainder of the research. The state-of-the-ait of Broadband ISDN 
(BISDN), Asynchronous Transfer Mode (ATM), and Optical Fibre was 
documented, clarifying BISDN as a service, ATM to be the technology 
essential for its implementation, and Optical Fibre as the superior medium for its 
transmission. It was shown that the level of inteiplay of these three elements is 
essential to the delivery of broadband sewices to the market. 
A second objective of Part One was to describe the organisational airangements 
for the introduction of broadband in Australia, specifically the organisation of the 
two earners, Optus Communications and Telecom Australia. A representative 
sample of their major service providers were listed. These organisations 
constituted the population from whom primary data were collected in Part Two. 
A final objective of Part One was to present the objectives and schedule for 
Telecom Austraha's ongoing Optical Fibre Trial at Wollongong. This provided 
the basis for the construction of intei-view questions for the Wollongong Trial 
management in Part Two. 
An analysis of the technical findings led to the conclusion that, based upon 
presently prefeired technologies, the interplay of BISDN, ATM, and Optical 
Fibre constitutes a key factor in bringing broadband semces to fiiiition. To fully 
explore the range of possible industry views, semi-structured interviews were 
used. It was felt that semi-structured interviews would permit a wider exploration 
of the many issues which could be perceived as impacting organisational 
perceptions of the technical and market feasibility of introducing broadband 
services to Australia. Based on the knowledge gained through this investigation, 
questions were developed for administration during semi-stmctured intei-views 
with key representative's of Australia's two telecommunications earners and a 
number of their major service providers. These intei-views lasted approximately 
one hour and the results are detailed in Part Two below. 
Part 2 Semi-Structured Interviews 
The overall objective of Part Two was to test the perceptions of the carrier 
organisations of (a) the technical and market feasibility of introducing broadband 
services and (b) the level of convergence of carrier/provider interests in this area. 
The carriers were stratified by engineering divisions (technical feasibility), and 
business development and marketing divisions (market feasibility), and service 
providers were chosen on a representative basis. 
Semi-structured interviews were selected as the best method of eliciting the 
opinions of the carriers and service providers, and of acquiring a deeper insight 
into the WoUongong Optical Fibre trial. This method was selected as the preferred 
method of analysing a range of views as weU as being the best tool to fit the 
exploratory questions that needed to be asked. 
For this research, EDS (Australia) Pty Limited, IBM, NEC, and Alcatel Australia 
were chosen to be interviewed. EDS and IBM were selected for their strength in the 
provision of billing systems to telecommunications carriers, and NEC and Alcatel 
Australia were selected for their strength in the provision of hardware/networking 
systems to the carriers. These areas form the basis for the provision of services to 
customers by Australia's two telecommunications carriers. 
Representatives of the engineering divisions of the carriers were questioned mainly 
on the technical feasibility of broadband, while questions for the business 
development/marketing divisions focused primarily on its market feasibility and its 
place in their organisation's strategic planning. Service providers were questioned 
on both technical and marketing aspects, and also on their role and influence on the 
carriers in pushing for the introduction of broadband. Questions for the WoUongong 
Optical Fibre Trial management were aimed mainly at obtaining an update on the 
progress of the trial and on learning how the planners would approach a further trial 
that had fewer or different cost and/or time constraints. 
The first set of questions were designed to evaluate the technical feasibility of 
introducing broadband services. The engineering divisions of the carriers 
organisations were targeted for this. Section B of this research (Chapters 3-6) 
provides the technical background required to question the engineers. Next, the 
level of convergence of carrier/provider interests in broadband services were 
tested. The business development/marketing divisions of the carriers were 
selected, as well as their four major service providers. Section C of this research 
(Chapters 7-8) provides the necessary background knowledge to question the 
carriers and providers on market feasibility of broadband services. The final set 
of questions ascertained information on the current status of the WoUongong 
Optical Fibre Trial. 
According to the responses in Questions 1-3 from the Business Development 
representatives of the carriers, telecommunications carriers see broadband as a 
convergence of many aspects of the communications and information technology 
industry. On the one hand, there is the convergence of voice and data 
communications requirements, whilst at the same time the image and video 
elements are arriving from the engineering laboratories. But in the end, the traffic 
is the same to the carrier - it is simply a combination of multiple bit streams 
flowing through a pipe. 
Questions 1-5 from the Engineering representatives of the carriers is in line with 
this. The carriers are looking at broadband services from the poiat of view of 
what it implies for network usage. They also see the need to provide services 
oriented to specific requirements, such as video telephony, LAN interconnection 
and file transfer. The technology to carry all of the LAN output is there in the 
form of ATM, but leading the user to the right combination of services requires 
the carriers' attention. This is where the service providers come to the fore. 
According to the responses to Question 4 from the Business Development and 
Marketing representatives of the carriers, the carriers alone cannot provide the 
services required to compete with the service providers. And the service 
providers do not have a network to run their services on. Hence, together they 
form an alliance to provide the solutions that current research has shown the 
customers require. Chapter 7 describes strategic alliances and provides examples 
verifying this outcome. 
Both carriers confirmed that in today's economic climate it is impractical for 
carriers to push ahead with costly, technology-driven implementations. Plans 
must face up to market realities. Therefore, carriers and providers must 
continually evaluate altemative access architectures, and identify areas where 
optical fibre access can achieve cost parity with copper access in the short term, 
while the transition to an optical fibre infrastructure takes place. 
At the same time, carriers must take account of what the competition is doing. 
Question 4 from the Business Development and Marketing representatives of the 
carriers: "Where is the push for developing broadband appUcations coming from 
?", highlighted that on one hand, carriers see a new type of operator (maybe 
another carrier) who is offering a variety of broadband services to the business 
community and delivering them right to the desktop. On the other hand, they have 
the service providers, who are looking to leverage their investment in coaxial 
cable and enter the race to deliver broadband services to the home. There was a 
unanimous response from all three divisions of the carriers that service providers 
are largely responsible for driving the technology and influencing the carriers to 
build the required infrastructure to support broadband services. 
According to the respondents, with competition for broadband, 
telecommunications carriers and service providers are teaming up to develop 
broadband solutions. The result of the convergence of broadcasting, computing, 
and telecommunications is that the carriers' and providers' interests in broadband 
services are merging. 
There was a consensus amongst the carriers (Question 9 from Business 
Development and Question 11 from Marketing) that the convergence of 
telecommunications, broadcasting and computing was providing service 
providers and telecommunications carriers with huge opportunities. However, 
neither is capable of capturing the market alone. Therefore, alliances are formed. 
Both carriers agreed that a critical factor in alliances and mergers with service 
providers was the choice of collaborator. If the carrier deals with the major 
players in the telecommunications field, the chances of success are greater than 
with lesser players. 
Carriers also believe that the customer will dictate overall traffic patterns. The 
combination of voice, image text and data will be unique for each organisation. 
The future will see an individual communicating with various combinations of 
image, voice, data and text depending on the destination of the information and 
the proximity of the recipient. Carriers and service providers will be in a position 
to customise offerings, rather than fitting the user into a rigid set of services. 
According to the telecommunications carriers, the local loop is the most sensitive 
area of any telecommunications network - the all important interface to the 
customer. It akeady plays a leading role in the revenue-earning capacity of the 
carrier, but its character is changing. The questions highlighted that, in the future, 
an increasing percentage of that revenue will come from the new, broadband 
services; thus users of those services are going to need a transmission medium 
that has the necessary bandwidth capability. In some cases the task can be 
accomplished by stretching the bandwidth of copper pairs using technologies 
such as ADSL. Question 8 from the Engineering representatives of the carriers, 
however, confirmed optical fibre as the preferred long-term medium of 
broadband transmission. 
In speaking with the Engineers, it was clear that both carriers in Australia are 
looking at deploying ATM applications/networks very soon. From a carrier's 
perspective, ATM shows great promise to enhance the infrastructure of our 
networks. Even without broadband or ATM products to support, ATM breaks 
new ground in node capacity, allowing new network architectures, multiple 
services to be supported from one switch platform. According to the responses 
for Questions 2 and 8 for the Engineers, broadband will be enabled via the 
combination of ATM over an optical fibre based telecommunications network. 
This confirms the first objective of Part One clarifying BISDN as a service, ATM 
as the technology essential for its implementation, and Optical Fibre as the 
medium for its transmission. 
Despite some outstanding technical uncertainties and the need for further 
standards alignment, there is wide acceptance of ATM as a multi-service platform 
across private and public networks. Both Optus and Telecom representatives 
agreed that further research and development of ATM is required. 
Telecom Australia expects customers deploying ATM in their corporate networks 
will require wide area connectivity that is aligned, in the technology sense. Optus 
Communications and Telecom Australia are actively laying optical fibre cables to 
accommodate the future ATM network. With both of AustraUa's 
telecommunications carriers actively investing in ATM technology, it confirms 
that the implementation of ATM over Optical Fibre is essential for the introduction 
of broadband services. 
The Optical Fibre Trial in WoUongong is an attempt by Telecom Australia to 
evaluate broadband services and delivery capabilities to households. The control 
group used for this trial includes a total sample size of 200, comprising 140 
residential, and 60 business establishments. From the responses gained, it was 
evident that the total sample size of 200 is not sufficient to test consumer reaction 
to such advanced technology. A sample of approximately 10,000 - 20,000 
establishments spread over vast areas, spanning over three to five years would 
reveal vastly different results to those from the WoUongong trial. However, the 
results obtained will be used to design further trials in Australia. At the time of 
writing, these were the only published results of the trial. This satisfies the final 
objective of Part One to investigate the up-to-date position with regard to Telecom 
Australia's Optical Fibre Trial at WoUongong. 
The introduction of broadband services wiU vary in accordance to the market 
segment aimed. According to Question 2 for the service providers interviewed, 
the broadband market may be segmented into three distinct areas: 
• High speed data market 
• Integrated voice/data market 
• Low end, voice market 
The high speed data market represents the largest growth area, and the 
potential for providing broadband services is enormous. Private networks are 
springing up from everywhere, forming LANs. But where the interesting area 
lies is in the WAN market where the data/bandwidth requirements are the main 
drivers. Speed of transmission is a major factor in this market. Optical Fibre, 
switched via ATM wiU be the only method of satisfying these broadband 
requirements. 
The integrated voice/data market includes existing voice markets integrated 
with low bandwidth data services. This market is more focused on services; 
speed is not the major factor. The services applicable to this form of network 
require justification to the end user because ultimately, it wiU be the services 
avaUable on the network that wUl drive this market. The advantage of ATM is that 
it caters for both high-speed and low-speed bandwidth requirements. 
The low end voice market will incorporate emerging broadband applications 
targeted purely at the voice market Included here are niche markets such as 
emergency police/fire applications where narrowband rates are sufficient to pass 
messages across. This market could be persuaded in the future to adopt 
broadband applications. User education is required for this market. The potential 
in the future is enormous, with many 'unexpected' needs arising which will 
require broadband services/bandwidths. 
An objective of Part Two was to examine the extent to which carriers and service 
providers considered that their interests are merging with regard to broadband. In 
response to Question 6, "What form of relationship has your organisation been 
involved in with telecommunications carriers ?", the benefits of forming alliances 
with the carriers is that the providers may bring experience gained from other sites 
around the world into the new relationship. Telecommunications carriers seek 
alliances with well established organisations who akeady have other alliances. 
They not only gain from the formation of the alliance, but they also buy the 
experience as well. This is in line with Question 4 from the Business Development 
and Marketing representatives of the carriers, as well as Questions 1-5 of the 
Engineering representatives of the carriers. 
According to the responses from Question 6 and 7 for service providers, there are 
three main roles service providers play in alliances. The preferred role is as the 
subject matter expert. Here, they provide information technology 
management to the carrier, and are seen as trusted advisers. 
The second role is that of acting as a business partner. This ensures longevity 
in the relationship. It is basically a win-win relationship, where the carrier wins 
by having someone with experience in the field, and the providers win by having 
long contracts with them. 
The final role, and one that service providers do not like to play often, is that of 
being a supplier. This is a very price sensitive market, and very competitive. 
Basically, they provide the generic products/services and have the customer trade 
off against competitors. 
What is important to note from the responses of the service providers is the 
change in methodology of service providers and telecommunications carriers. 
The old method of going it alone no longer holds as broadband encompasses too 
much for an individual organisation. The combined talents of both the carriers 
and the service providers are needed in order for broadband applications to be 
offered. 
What is also evident from the responses is that the interests of the service 
providers are merging with those of the telecommunications carriers. No longer 
do telecommunications carriers wish to stay only in the carrier market (that is, 
only carry services and charge for usage). Carriers now want to create their own 
services and provide them on their own networks. To do this, they must enlist the 
services of the experienced service providers and together form a partnership to 
compete against other carriers. Service providers sense the opportunities available 
to them as they increase their market share not previously possible through strict 
carrier/provider relationships. Both organisations now have access to each other's 
technologies and can use each other's talents to provide further services - the 
customer being the winner. Chapter 7 of this paper provides a background to 
organisational collaborations. 
According to one of the respondents interviewed, humans, by nature love to 
communicate, they love to interact. This is what is currently missing from 
telecommunications today. Broadband services will span across all age groups, 
all territories, and solve the user interface problem we have today. What is needed 
is further analysis into what these user requirements are. 
Both telecommunications carriers and service providers are actively attempting to 
seek answers to future user requirements in order to construct their broadband 
networks and services. Figure 14 details the results obtained from Question 1: 
"Rank the following as the most important needs not being met by current 
telecommunications technology (6=highest, l=lowest)", which was common 
across all categories of respondents. 
The responses indicated that there exists a market for bandwidth. 28% of the 
sample population argued that there currently exist no applications for high speed 
unrestricted digital information transfer. 
The next most important need not being met was that of being able to adapt to 
Customer Premises Equipment (CPE). It was felt that the ability to adapt to CPE 
was very important for the progression from narrowband to broadband 
technologies which would enable multimedia and other broadband applications. 
24% of respondents agreed with this. 
19% of respondents believed that the ability to receive multimedia applications are 
not being met. Broadband will enable multimedia, and the ability to have these 
capabilities is paramount to the success of broadband. Some 14% responded with 
the statement that bandwidth on demand is unavailable; 10% in the "Other" 
category; and 5% stated that current switching capabilities are insufficient to meet 
future application demands. 
What the above results prove is that with the advent of broadband, a number of 
factors need to be considered in order for it to be successful. Not only must there 
be high speed unrestricted digital information transfer, but the adaptability of CPE 
to be able to receive multimedia applications must be addressed. The users require 
the bandwidth and the applications to go with this bandwidth. It is up to the 
carriers and the service providers to meet the challenge and provide what is 
required. This will be accomplished via strategic alliances between the carriers 
and service providers, and these are described in Chapter 7. 
Figure 15 highlights a breakdown by category of the results to Question 1 for 
telecommunications carriers and service providers. Both categories agree that 
high speed unrestricted digital information transfer is not available today. This 
provides both carriers and providers huge incentives to develop broadband 
networks. Being able to send broadcasting information, computing information, 
and telecommunications information down one line (instead of three separate 
networks), allows the convergence of these technologies to occur. 
The ability to receive multimedia appHcations is an important factor to the success 
of broadband. End users want the ability to receive multimedia capabilities, and 
these can only be provided on a broadband network by which CPE may be 
adapted. Both categories agreed that switching capabilities are akeady available to 
support broadband applications. Both the carriers and providers were virtuaUy 
unanimous in their answers to Question 1, with the exception of the "Switching 
Capabilities" category, where some providers felt that there was still some work 
to be done in the field of switching. However, the rating was very low and as 
such, may be considered in line with the carriers' thinking. 
In response to Question 8, the service providers agreed unanimously that the 
convergence of broadcasting, computing, and telecommunications will play a 
significant role in future relationships with the carriers. It was also unanimously 
agreed that BISDN will be driven by ATM, and the medium of transmission will 
be optical fibre. Broadband services may only be promoted through the 
co-operation of both the telecommunications carriers and the service providers. 
This meets the objectives of Part Two of this research: to test the views of the 
carrier and service provider representatives with regard to (i) the technical and 
market feasibility of broadband service dehvery in Australia, and (ii) the extent to 
which they considered that the interests of carriers and service providers were 
being merged with regard to broadband. 
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Discussion of Results 
The aim of this research was (i) to investigate the technologies that enable 
delivery of broadband services, and (ii) to gauge the extent to which the interests 
of telecommunications carriers in promoting broadband are merging with those of 
their major service providers. 
The first aim was answered via the descriptive research, which clarified the 
position of BISDN as a service, ATM as a technology essential for its 
implementation, and Optical Fibre as the preferred medium for its transmission, 
based upon presently preferred technologies. An analysis of the technical findings 
led to the conclusion that the interplay of these three elements constitutes a key 
factor in bringing broadband services to market. 
The second aim of this research was determined via a series of semi-structured 
interviews aimed at the Engineering, Business Development and Marketing 
divisions of telecommunications carriers, and their major service providers. Both 
carriers agreed that to progress to a stage where broadband will be delivered, 
alliances must be formed with service providers. The result of the convergence of 
broadcasting, computing, and telecommunications is that the carriers' and 
providers' interests in broadband services are merging. 
The service providers agreed unanimously that the convergence of broadcasting, 
computing, and telecommunications will play a significant role in future 
relationships with the carriers. It was also unanimously agreed that BISDN will 
be driven by ATM, and the medium of transmission will be optical fibre, falling 
in line with the results obtained in Part One of this research. Broadband services 
may only be promoted through the co-operation of both the telecommunications 
carriers and the service providers. 
Therefore, the aims of this research were met through Part One (descriptive 
research), and Part Two (semi-structured interviews). The technologies that will 
enable the delivery of broadband services are BISDN, ATM, and Optical Fibre. 
The interests of the telecommunications carriers are merging with those of the 
service providers at an increasing extent due to the convergence of broadcasting, 
computing, and telecommunications. 
CONCLUSION 
This report is an investigation of the underlying technologies and the merging 
interests of Australian telecommunications carriers and service providers in 
promoting broadband services. The research, based upon presentiy preferred 
technologies, clarified the position of BISDN as a service, ATM as a technology 
essential for its implementation, and Optical Fibre as the preferred medium for its 
transmission. The interplay of these three will play a critical role in the delivery of 
broadband services. 
Section A (Background to the Study) set out the main objectives of the research: 
to document the state-of-the-art of the underlying technologies and trials; and to 
gather information on the merging interests of telecommunications carriers and 
service providers in the delivery of broadband. 
Section B (Broadband: The Underlying Technologies) focused on the technical 
aspects of BISDN, ATM, and Optical Fibre. Information on the up-to-date status 
of Telecom Australia's Optical Fibre Trial at WoUongong was also provided. This 
section provided the background technical knowledge from which semi-
structured interviews were drawn. 
Section C (Broadband: The Roles of Carriers and Service Providers) outlined the 
various forms of organisational collaboration necessary for the delivery of 
broadband services by telecommunications carriers and service providers. 
Australia's two telecommunications carriers were outlined and examples of 
strategic alliances were provided. 
The results of the primary research showed a strong consensus among carriers 
and service providers on what constituted viable technical and marketing 
approaches to broadband delivery and on the financial and other conditions 
necessary for its phased uptake. Further, there were indications from all those 
interviewed that pressure from the service providers was having a strong 
influence on broadband planning by the telecommunications carriers. 
Both telecommunications carriers and service providers agreed that the 
convergence of broadcasting, computing and telecommunications will play a 
major role in the future of the telecommunications industry. The promotion of 
broadband services is merging the interests of telecommunications carriers and 
service providers. In light of this, the service providers are seen as driving the 
push to develop broadband applications. 
In conclusion, the underlying technologies required for the deployment of 
broadband services are Broadband ISDN (BISDN), Asynchronous Transfer 
Mode (ATM), and Optical Fibre. The interplay of these three elements is essential 
to the delivery of broadband services. These technologies are enabling the 
convergence of broadcasting, computing, and telecommunications technologies, 
and, as such, are merging the interests of telecommunications carriers and service 
providers. 
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EXISTING ITU-T BISDN RECOMMENDATIONS88 
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F.811 Broadband Connection Oriented Bearer Service F.812 Broadband Connectionless Bearer Data Service 
ITU-T Study Group 13 
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ITU-T Study Group 15 
G.707 Synchronous digital hierarchy bit rate G.708 Network node interface for the synchronous digital hierarchy 
G.709 Synchronous multiplexing structures 
G.774 SDH management information model for the network element view 
G.781 Structure of Recommendations on equipment for SDH 
G.782 Types and general characteristics of SDH equipment functional blocks 
G.783 Characteristics of SDH equipment functional blocks 
G.784 SDH management G.955 Digital line systems based on the 1544 Kbps and 2048 Kbps hierarchy on optical fibre cables G.957 Optical interfaces for equipment and systems relating to the SDH G.958 Digital line systems based on the SDH for use on optical fibre cables 
Dormán, D., "Clarifying the Latest Developments in Standards: Towards and ATM Standard", in Paper 
delivered at ATM'93, November 15-16, 1993 
APPENDIX II 
OPTUS COMMUNICATIONS ORGANISATIONAL HIERARCHY 
APPENDIX III 
TELECOM AUSTRALIA ORGANISATIONAL HIERARCHY 
APPENDIX IV 
SAMPLE QUESTIONS ASKED DURING FACE-TO-FACE INTERVIEWS 
QUESTIONS FOR THE ENGINEERING REPRESENTATIVES 
OF CARRIERS 
1. Rank the following as the most important needs not being met by 
current telecommunications technology: (6=highest, l=lowest) 
High speed unrestricted digital information transfer 
Bandwidth on demand 
Switching capabilities 
Adaptation of Customer Premises Equipment (CPE) 
Ability to receive Multimedia capabilities 
Other (Please specify) 
Comments: 
2 . Of the following requirements, which do you rank as the most 
important for the implementation of broadband ISDN ? 
(6=highest, l=lowest) 
ATM - Switching Technology 
Synchronous Digital Hierarchy (SDH) 
Congestion control 
Switched Multi-Megabit Data Service (SMDS) 
Video compression techniques and standards (e.g., MPEG, HPEG, H.261) 
Other - please specify 
Comments: 
Rank the following applications in order of importance in driving 
the push toward broadband: (8=highest, l=lowest) 
Still-image transfer 
Multi-site interactive CAD/CAM 
Electronic mailbox services 
Distance education and training 
Interactive TV program distribution 
Electronic publishing 
Transactional services 
Other (Please specify) 
Comments: 
4 . In your opinion, which are the most critical factors retarding the 
uptake of broadband technologies ? (more than 1 may be applicable) 
Lack of fibre in the loop 
The low level of development of many broadband networking appHcations 
User unfamiliarity with broadband 
User mistrust of broadband 
Cost of developing broadband switches 
Coping with early broadband technology - carrier 
Coping with early broadband applications - carrier 
Coping with early broadband technology - end user 
Coping with early broadband applications - end user 
The transition of the Australian public network to a packet switched network 
Other (please specify) 
Comments: 
5 . Standards are essential for the development of broadband 
technologies. Rank the following standards in order of importance 
as the most critical in fostering the development of broadband 
technologies. (6=highest, l=lowest) 
JPEG - Joint Photographies Expert Group 
MPEG/MPEG2/MPEG3 - Motion Picture Expert Group 
H.261 - International standard for videoconferencing 
H.221 - Audio Coding standard 
SDH - Synchronous Digital Hierarchy standard for the Network Node 
Interface (NNI) 
Other (please specify) 
Comments: 
6 . Since ATM is the engine that will drive broadband, in your opinion, 
which factors are retarding the uptake of ATM ? (more than 1 may be 
applicable) 
Congestion control 
Non-availability of ATM services 
Slow adoption of standards 
Cost of building ATM switches 
Difficulties in adaptation of current networking technologies to ATM 
Lack of compatibility of Metropolitan Area Networks (MANs) and ATM 
Other (please specify) 
Comments: 
The voice market is adequately handled by current digital PBXs. 
What scope is there to integrate voice networks over ATM ? 
8 . Of the following, which is the preferred medium for the 
transmission of broadband services ? 
Optical fibre 
Copper wire 
Coaxial Cable 
Hybrid (optical fibre/coaxial/copper) 
Other (Please specify) 
Comments: 
9. Are there any observations you would like to make on the 
introduction of broadband in Australia ? 
QUESTIONS FOR THE BUSINESS DEVELOPMENT REPRESENTATIVES OF CARRIERS 
1 . Rank the following as the most important needs not being met by current telecommunications technology: (6=highest, l=lowest) 
High speed unrestricted digital information transfer 
Bandwidth on demand 
Switching capabilities 
Adaptation of Customer Premises Equipment (CPE) 
Ability to receive multimedia capabilities 
Other (Please specify) 
Comments: 
2 . Rank the following in order of their influence in changing the way a business functions by adopting broadband: (4=highest, l=lowest) 
Increased volume of external communications 
Reduction in telecommunications costs 
Reduction in travel expenditures 
Increased use of multimedia applications, e.g., 
- desktop videoconferencing - interactive distance education 
- electronic publishing - multi-site interactive CAD/CAM - still image transfer - transactional services 
Comments: 
3 . From a business perspective (as compared to engineering), which 
of the following applications do you see as driving broadband: (more 
than 1 may be applicable) 
— High speed unrestricted digital information transfer 
Multi-site interactive CAD/CAM 
Electronic mailbox services 
Remote education and training 
Interactive TV program distribution 
Electronic publishing 
Bandwidth on demand 
Other (please specify) 
Comments: 
4 . In your opinion, where is the push for developing broadband 
applications coming from ? (Rank: 6=highest, l=lowest) 
Overseas international carrier competition 
Local carrier competition 
Service providers 
User groups (e.g., ATUG) 
Regulatory demands (from AUSTEL) 
Other (please specify) 
Comments: 
What existing services would justify the implementation of broadband in the short term ? 
6 . In terms of market research undertaken by your company, when do you see the introduction of ATM in Australia appropriate ? 
_ Short Term (1993-1995) 
_ Long Term (1996-2000) 
7 . Of the following, which do you see as the major driver for the telecommunications carriers to implement optical fibre connections ? 
The market demands a need for optic fibre 
Optical fibre represents an increase in profits for the carrier 
Optical fibre improves the telecommunications infrastructure 
Optic fibre connections provide the base for broadband applications 
Other (please specify) 
Comments: 
8 . What services will have to be foregone as a result of implementing optical fibre rather than remaining with copper wire ? 
9 . Are there any observations you would like to make on the introduction of broadband in Australia ? 
QUESTIONS FOR THE MARKETING REPRESENTATIVES OF CARRIERS 
1 . Based on market research undertaken by your organisation, rank the following as the most important needs not being met by current telecommunications technology: (6=highest, l=lowest) 
High speed unrestricted digital information transfer 
Bandwidth on demand 
Switching capabilities 
Adaptable Customer Premises Equipment (CPE) 
Ability to receive multimedia capabilities 
Other (Please specify) 
Comments: 
What existing services are available to justify the implementation of broadband ? 
High speed unrestricted digital information transfer 
Multi-site interactive CAD/CAM 
Electronic mailbox services 
Remote education and training 
Interactive TV programme distribution 
Electronic publishing 
Bandwidth on demand 
Other (please specify) 
Comments: 
3 . Rank the following in order of their influence in changing the way 
a business functions by adopting broadband (4=highest, l=lowest) 
Increased volume of external communications 
Reduction in telecommunications costs 
Reduction in travel expenditures 
Increased use of multimedia applications, e.g., 
- desktop videoconferencing 
- interactive distance education 
- electronic publishing 
- multi-site interactive CAD/CAM 
- stiU image transfer 
- transactional services 
Comments: 
4 . In your opinion, where is the push for developing broadband 
applications coming from ? 
Overseas international carrier competition 
Local carrier competition 
Service providers 
User groups (e.g., ATUG) 
Regulatory demands (from AUSTEL) 
Other (please specify) 
Comments: 
5 . How do you segment the market in relation to providing broadband services ? 
6 . In relation to the answer to question 5, what marketing strategies do you use for each market segment ? 
7 . Which of the segments outlined in question 5 do you consider as most critical to the initial uptake of broadband ? 
8 . In your opinion, which are the most important factors retarding the growth of broadband services ? 
Lack of fibre in the loop 
The low level of development of many broadband networking applications 
User unfamiliarity with broadband 
User mistrust of broadband 
Cost of developing broadband switches 
Coping with early broadband technology - carrier 
Coping with early broadband applications - carrier 
Coping with early broadband technology - end user 
Coping with early broadband applications - end user 
The transition of the Australian public network to a packet-switched network 
Other (please specify) 
Comments: 
9 . With the convergence of broadcasting, computing, and 
telecommunications, will another telecommunications 
infrastructure be required, or will the current one suffice ? 
10 . Of the following, which do you see as the major driver for the 
telecommunications carriers to implement optical fibre connections ? 
The market demands a need for optic fibre 
Optical fibre represents an increase in profits for the carrier 
Optical fibre improves the telecommunications infrastructure 
Optical fibre connections provide the base for broadband apphcations 
Other (Please specify) 
Comments: 
11. Are there any other observations you would like to make on the 
introduction of broadband in Australia ? 
QUESTIONS FOR THE SERVICE PROVIDERS 
1. Rank the following as the most important needs not being met by 
current telecommunications technology: (6=highest, l=lowest) 
High speed unrestricted digital information transfer 
Bandwidth on demand 
Switching capabilities 
Adaptation of Customer Premises Equipment (CPE) 
Ability to receive Multimedia capabilities 
Other (Please specify) 
Comments: 
2 . How do you segment the market when offering broadband 
applications to the telecommunications carriers ? 
3 . For the segments in your answer to Question 2, what marketing 
strategies do you use for each segment ? 
4 . Which of the segments outlined in Question 2 do you consider as 
most critical to the initial uptake of broadband ? 
5 . Recognising that optical fibre is the medium by which broadband will be deployed, are the following published goals of Australia's telecommunications carriers (Optus and Telecom) realistic ? 
Optus Communications: (March 1993) 
"80% of Australian homes to have some sort of fibre connection about the year 
2010" 
Telecom Australia: (March 1993) 
"By 1994, optical fibre will be within 700 metres of 60% of homes in all capital cities except for Hobart and Darwin" 
6 . What form of relationship has your organisation had with telecommunications carriers ? 
Strategic Alliance 
Partnership 
_ Third Party Vendor 
Other (Please specify) 
Comments: 
In your opinion, what role do service providers play in influencing decisions made by telecommunications carriers as to which applications are offered to the customer ? 
8 . With the convergence of broadcasting, computing, and telecommunications, will another telecommunications infrastructure be required or will the current one suffice ? 
9 . Are there any other observations you would like to make on the introduction of broadband in Australia ? 
QUESTIONS FOR THE WOLLONGONG OPTICAL 
FIBRE TRIAL 
1. According to a 1992 Telecom Australia news release, the published 
purpose of this trial is to determine the most efficient method of 
supplying a standard telephone service to residents over optical fibre 
links. Would you like to expand upon the purpose of this trial ? 
2 . When is the expected completion date of this trial ? 
3 . Of the following switching technologies, which are employed in 
this trial? 
Frame Relay 
Synchronous Digital Hierarchy (SDH) 
Switched Multi-Megabit Data Service (SMDS) 
Distributed Queue Dual Bus (DQDB) 
Asynchronous Transfer Mode (ATM) 
Fibre Distributed Data Interface (FDDI) 
Other (Please specify) 
Comments: 
4 . In planning for this trial, how did you rank each of the following 
cost factors ? (5=highest, l=lowest) 
Physical cost of laying the cable 
Switching equipment 
Supplying Customer Premises Equipment (CPE) 
Developing Broadband Products for the Trial 
End-user education 
5 . Of the services available through optical fibre, which services are 
also available over copper wire? 
Interactive education 
Multi-site interactive CAD/CAM 
Still image transfer 
Electronic mailbo^^ service for the transfer of moving pictures and accompanying sound 
Electronic publishing 
Local, STD, and IDD dialling 
Facsimile services 
Other (Please specify) 
Comments: 
6 . What mix of residential, small business and large business 
establishments are used for this trial ? 
7 . What limitations do each of the following items place on 
conducting optical fibre trials ? 
Physical cost of laying the cable 
Regulatory demands 
Cost benefits (i.e., is implementation cost justified against expected benefits of trial) 
Availability of skilled workforce 
Time constraints 
Sample population 
Other (Please specify) 
Comments: 
8 . If there were no time constraints for this trial, what would you 
estimate to be the ideal time-frame ? 
1-3 years 
4-5 years 
More than 5 years 
Comments: 
9 . What would be the ideal sample population for an optical fibre trial ? 
_ 100-200 households* 
_ 200-500 households 
_ 500-1,000 households 
_ 1000-5,000 households 
_ 5000-10,000 households 
More than 10,000 households 
Comments: 
10. Upon completion of this trial, will the sample population retain the 
optical fibre capabilities ? 
11a. Is this an ongoing project in that: 
• The sample population is left with the equipment ? 
• The sample population will continue to be monitored by Telecom ? 
l i b . If the answer to 11a is yes, for what length of time will the 
sample population be monitored ? 
* Note: Households in this context includes residential, business, educational, government and other 
establishments 
12. Can you tell me anything about any results to date from this trial ? 
13. Are there any other observations you would like to make on 
the introduction of broadband in Australia ? 
